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SOME PHOTOGRAPHIC PROBLEMS ENCOUNTERED IN 
THE TRANSMISSION OF PICTURES BY ELECTRICITY* 


By Hersert E. Ives 
INTRODUCTION 


Retiring presidential addresses delivered before scientific societies 
are apt to take one of two forms. They may be philosophical discussions 
of some broad topic, such as the relation of the society’s particular 
science to the universe or humanity; or they may be intimate dis- 
cussions of some phase of science in which the speaker has been par- 
ticularly interested. It has been your president’s fortune to spend most 
of his professional life in pursuing a series of intensive studies of scien- 
tific and technical problems, most of which have been of interest only 
to a narrow group of specialists. Much therefore as he might like to take 
this opportunity to offer an optical panacea for the ills of the world, he 
finds his horizon so completely filled with his more immediate problems 
as to force him to the second form of address. In presenting a study of 
one phase of the engineering problem with which he has been associated 
in the past few years—the electrical transmission of pictures—it is his 
hope that the apparent narrowness of his subjecf,<and its possible in- 
appropriateness for this occasion, may nevertheless-be compensated by 
its serving to illustrate certain features common to the handling of all 
technical problems, be these broad or narrow. 

The subject chosen consists of some problems of photographic tone 
reproduction which arise upon the introduction of an electrical trans- 
mission system between a picture placed on sending apparatus in one 
place, and the copy of the picture made by receiving apparatus in 
another place. Some of these problems arise because of limitations 


* Retiring President's address delivered before the Optical Society of America at its 
Tenth Annual Meeting, Ithaca, N. Y., October, 1925, 
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introduced by the use of the electrical transmission line; others arise 
because of opportunities for the control of picture quality which are not 
afforded by ordinary photographic methods. As illustration of one of 
the limitations, may be mentioned the fact that the original picture, {or 
instance a photographic negative, is not seen by the operator at the 
receiving end of the apparatus. He cannot therefore, by using his photo- 
graphic knowledge and experience, choose printing media and decide 
upon conditions of exposure and development. As an illustration of 
the opportunities introduced by an electrical picture transmission 
apparatus may be noted the possibility of so poling the electrical ele 
ments that the received picture may be either a positive or a negative, 
irrespective of the nature of the original at the sending end. 
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Fic. 1. Schematic light valve. 


In discussing these problems it will be necessary to assume the use of 
apparatus of fairly definite form. We shall for this purpose assume that 
the apparatus involved is, in its essential features, like that now in com- 
mercial operation in the Bell System, as described in a recent paper by 
the writer and his co-workers.' While in other picture transmission 
systems other problems arise, peculiar to these systems, it is believed 
that the questions here considered are to a certain extent common to 
all electrical picture transmission apparatus, so that the discussion 
will be of fairly general applicability. 

CHARACTERISTICS OF A TYPICAL TRANSMISSION SYSTEM 

For the purpose of the present discussion, we shall assume a simplified 

electrical transmission system, which while lacking many of the features 


' Bell Technical Journal, April, 1925: “Transmission of Pictures for Telephone Lines,” 
H. E. Ives, J. W. Horton, R. D. Parker, and A. B. Clark. 





a) 


—=—" - 











~! 
wn 


Mar., 1926] TRANSMISSION OF PICTURES 1 


which are necessary for the successful development of picture trans- 
mission on modern electrical transmission lines, will yet contain all the 
elements which are essential for our problem. Thus we shall assume a 
simple direct current transmission system in place of the high frequency 
system which is actually used. This in turn enables us to consider the 
illumination regulating device at the receiving end as following the 
variation of the light and shade of the picture directly, and not, as is in 
practice the case, by performing high frequency vibrations whose 
amplitude follows the variations of light and shade. With these simplifi- 
cations, the picture transmission system reduces to two significant ele- 
ments: first, at the sending end, a device responsive to light, namely, 
the photoelectric cell, which produces an electrical current directly 
proportional to its illumination; second, at the receiving end, a “light 

















Fic. 2. Relation between illumination of photoelectric cell and light valve opening for various 
adjustments, 


valve,” consisting of an aperture over which is a gate or ribbon lying in 
a uniform magnetic field so that its displacement is directly proportional 
to the current delivered to it from the photoelectric cell. 

With the postulated simplified system we meet at once with the 
possibility of using the current applied to the light valve either to open 
or to close the aperture. This is illustrated in Fig. 1, where the upper 
diagram shows the ribbon opening the aperture when a current passes 
through it, while the lower diagram shows how, by a different initial 
position of the ribbon with respect to the aperture, the same movement 
of the ribbon will close the aperture from its original open position. 
According to the method of operation, the relationship between the 
illumination of the photoelectric cell at the sending end and the area 
of the aperture at the receiving end will follow either one of the two 
straight line relations shown in Fig. 2, (full lines) where I represents the 
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illumination of the photoelectric cell and a the area of the light valve 
aperture. It is obviously possible, and for certain purposes use may be 
made of the possibility, so to locate the ribbon that the opening or 
closing of the aperture begins or ends either before or after the attain- 
ment of currents representing extreme values of light and shade in the 
original picture (dashed and dotted lines in the figure). 


METHODS OF PICTURE RECEPTION 


Given a uniformly bright valve aperture, it is possible for the received 
pictures to be built up in either of two different types of structure. In 





Fic. 3. Enlargement of variable density picture. 


either case the picture is developed by the motion of the sensitive 
photographic surface at the receiving end past the aperture in such a 
fashion as ultimately to expose the whole surface, the motion most 
commonly utilized being the combination of circular and translational 
motion exemplified in the screw. The two picture structures mentioned 
result from two different methods of projecting the light from the aper- 
ture upon the photographic sensitive surface. The first method of recep- 
tion consists in using the light valve as the aperture of a lens, the lens 
forming upon the sensitive surface an image of a rectangular opening of 
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constant size. If the image is of the exact width of the pitch of the screw, 
the result is a band of photographic action of constant width but of 
varying density; the variations in density being due to the alterations 
in the opening of the projection lens caused by the motion of the light 
valve ribbon. With accurate juxtaposition of the successive strips of 
photographic action, these variable density pictures, when the strips 
are sufficiently fine, for instance 100 to the inch, are very similar to 
ordinary photographic prints. An enlarged section of a variable density 
picture is shown in Fig. 3. The second method of reception is that in 





" ' Fic. 4. Enlargement of variable sized structure picture. 


which the pictures are rendered as a structure of variable size but con- 
stant density. For this method of reception a sharp image of the light 
valve aperture must be formed; the light valve being so oriented that 
the ribbon is parallel to the direction of development of the constituent 
picture lines. An illustration of a picture thus built up of lines of 
varying width but of constant density is given in Fig. 4. By modifica- 
tions of the apparatus, which need not be described here, it is possible 
to make this structure one of dots of various sizes instead of lines. 
However, for the purposes of our present discussion, it is simpler and 
entirely adequate to consider merely the line structure. 
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In regard to the form of picture structure to be used, it may be 
remarked that the structure of fixed density but varying size lends 
itself to immediate photomechanical reproduction from original films 
as received on the apparatus. When these are received, under conditions 
which will be made clear later, as negatives, prints may be made 
directly upon zinc or copper, which, after etching, are immediately 
available for typographic printing; thus offering the possibility for a 
minimum number of operations in bringing the transmitted picture 
to the printed page. In using this method it is, of course, essential 
that the picture when received be of the exact size and exact fineness 
of structure which is suitable for the typographical printing process 
to be used. It is furthermore necessary that the printing paper, ink, and 
press work be capable of giving good results with printing plates thus 
produced. The ordinary newspaper half tone printing plate is made 
with a very distorted light and shade characteristic in order to meet 
the peculiar conditions imposed by cheap paper andink. It has been 
found from extended experience in providing electrically transmitted 
printing negatives of the sort under discussion, made with a correct 
tone scale, that only those periodicals which print with relatively high 
grade paper and ink get successful results. 

The variable density pictures appear, as has already been stated, 
very much like ordinary photographic prints. Their relative freedom 
from an appearance of structure renders them most acceptable when 
pictures are wanted for purposes other than photomechanical repro- 
duction. If it is desired to reproduce them they may be handled by the 
regular photo-engraving methods and enjoy also the advantage that 
they may be retouched or reproduced to any desired size. Because of 
the very special technique which has been developed for newspaper 
half tone reproduction, it has been found that the best final results are 
obtained if the transmitted pictures are furnished to the newspaper 
in the variable density form, even though, as will be shown later, the 
total number of operations and the consequent delay are considerably 
greater than where the electrical transmission system is utilized to 
give the typographic printing structure. 

CHARACTERISTICS OF RECEIVED PICTURES CORRESPONDING TO VARIOUS 
METHODS OF TRANSMISSION 


It might be thought at first glance that the problem of transmitting 
pictures electrically would be merely one of making the transmission 
system into a long distance photographic printing frame. The straight- 
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Fic. 5. Relation between brightness (b,) of original object photographed, transmission of 
sending end transparency (tgs),opening of light valve (Oy), and transmission (tp, trp) or reflecting 
power (rr, rrp) of received photographic record obtained by various operations indicated. Variable 
density method of reception. 

O Negative to positive or print (correct tone rendering, 2 operations). 

V Positive to negative to print (correct tone rendering, 4 operations). 

X Positive to positive (incorrect tone rendering, 3 operations). 

Negative to negative to print (incorrect tone rendering, 3 operations). 


Fic. 6. Relation between brightness (b.) of original object photographed, transmission of 
sending end transparency (ts), opening of light valve (Oy), and transmission (tp, trp) or reflecting 
power (rr, rrp) of received photographic record obtained by various operations indicated. Variable 
sized structure method of reception. 

O Negative to positive to print (incorrect tone rendering, 2 operations). 

V = Positive to negative to print (correct tone rendering, 4 operations). 

X Positive to positive (correct tone rendering, 3 operations). 

Negative to negative to print (incorrect tone rendering, 3 operations). 
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forward process would be to place a negative on the sending end, a 
piece of printing paper on the receiving end, and to so adjust the system 
that the light falling on the printing paper at the receiving end was 
proportional to the light falling through the negative at the sending 
end. As a matter of fact, this procedure is only one of some eight 
possible methods of picture transmission which are available with the 
type of apparatus here considered. As will be shown later, although 
it is a possible method of operation, yet it has a number of undesirable 
features and is not the one favored in the present commercial operation. 
It will, however, be discussed first and at some length, as its discussion 
will bring out clearly why certain other of the possible methods of 
transmission are preferred. 

In order to facilitate this discussion, two diagrams have been pre- 
pared. One, Fig. 5, represents the various possible methods of trans- 
mission in which pictures are received in the form of strips of variable 
density; the other, Fig. 6, represents in similar diagrammatic form the 
various methods in which pictures are received of a variable sized 
structure. In each diagram the abscissas represent the brightness of 
the original object. It is assumed, for purposes of simplification, that 
the range of brightness values in which we are interested, is wholly 
included within the scale chosen. The scale used is linear instead of 
the logarithmic one frequently used in photographic problems. In the 
top diagram of each figure are shown the transmissions of a negative, 
(the curved line) and a positive (the straight line) from the negative 
of the original object whose brightness values are represented by the 
abscissas. Particular attention is called to the negative characteristic. 
This is a very pronounced curve, convex to the axes. In the usual 
Hurter and Driffield logarithmic plot, this appears as a straight line. 
It is not, I think, sufficiently emphasized in elementary treatments 
of the photographic process that correct tone reproduction is attained 
in photography in two operations. That is, a single photographic 
operation gives a characteristic, on the scale here shown, which is very 
far indeed from linear. It is by the proper matching of the characteristics 
of negative and positive that a correct linear reproduction is obtained. The 
condition to be met is that the product of the “gammas”’ (development 
factors) shall be unity. On the logarithmic plots any straight line 
negative characteristic may, with the appropriately inclined straight 
positive characteristic, give faithful tone rendering. The term “correct 
exposure” has meaning only in this connection. The importance of 
bringing out this point in this connection is that the electrical picture 
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transmission system offers the possibility of photographic printing 
operations in which the ordinary reciprocal relation between negative 
and positive does not hold. 

In each of the Figs. 5 and 6, the second diagram from the top repre- 
sents the opening of the light valve for various brightnesses of the 
original object when either the original negative or a “‘correct’’ positive 
from that negative is placed over the photoelectric cell, and the position 
of the ribbon is chosen to give positive or negative reception, that is, 
for the ribbon to narrow the aperture as the current increases or 
inversely, to widen it. 

The next step in the problem is to work out the characteristics of 
the received photographic impression, if this is a positive, or the print 
made from it in case it is a negative. We have various possible com- 
binations to consider, which are as follows: First, starting from the 
original object, we can make a negative and transmit this to be received 
as a positive or print. Second, we can make a positive transparency 
from the original negative, receive from it a negative, and from this 
negative make prints. Third, we can use the original negative to make 
a positive transparency, and receive a positive from it. Fourth, we can 
use the original negative, receive a negative from it, and then make 
prints from the received negative. These four methods of transmission 
and reception are to be studied for both the variable density and the 
variable sized structure systems. The object of our study is to determine 
the practical difficulties encountered in performing the operations in 
these ways and the fidelity of the tone reproduction in the final picture. 


VARIABLE DENSITY PICTURES 


In order to appreciate the problems introduced by attempting to 
operate the electrical picture transmission system as a long distance 
photographic printing frame let us briefly run over the ordinary pro- 
cedure of photographic printing on paper. We have at our disposal 
first of all a negative whose characteristic, as plotted in the usual 
Hurter and Driffield manner shown in Fig. 7, may be represented by 
any one of a family of straight lines (marked yi, Ye, ys) with curved 
ends, the straight portions being the regions of ‘“‘correct exposure’”’ and 
the curved ends the regions of “‘under”’ and “‘over”’ exposure. We have 
available also certain printing media. For our present purpose we will 
confine our attention to printing papers of the rapid bromide type. 
The characteristics of such a paper, Fig. 8, consist, when reflected 
densities are plotted against logarithms of exposure, of a series of lines 
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7. Characteristic curves and “virtual’’ characteristic curves of typical commercial film 


negative emulsion. 





Fic. 8. Characteristic curves of rapid bromide paper. 
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more or less straight, with curved ends. All of the curves, representing 
different developments, lie approximately parallel to each other, unlike 
the negative characteristics, which, for different developments, lie at 
different angles. The problem of securing a correct print from a negative 
consists in selecting a paper the slope of whose characteristic shall be 
reciprocal to the slope of the negative characteristic, and choosing such 
an exposure and development as shall place the range of tone values in 
which we are interested symmetrically between the black and white 
of the paper. While the preferred method of procedure is to have a 
negative which is correctly exposed, and to use the straight line portion 
of the paper characteristic as far as it will go, it is nevertheless possible 
to match the wrongly exposed or developed negative characteristics 
to papers of varying steepness or curvature of characteristic. This 
selection of proper paper and choice of exposure and development is a 
function ordinarily performed by a photographic expert who, upon 
inspection of the negative, decides, on the basis of his experience, what 
conditions to select. He may make one or two trial prints before pro- 
ceeding with the large number which are frequently required from a 
single negative. An initial error of choice is not serious under these 
conditions. 

When it becomes a matter of performing this printing operation over 
a long distance telephone line it is theoretically quite possible for an 
operator at the sending end to judge or even to measure a negative 
and to communicate to the operator at the receiving end what printing 
paper and what exposure and development should be used. The 
operator at the receiving end, utilizing previously acquired information 
as to the photographic intensity of the light source controlled by the 
light valve, might with, let us say, only one or two trials, secure a 
correct print. Following this procedure the steps would be represented, 
in the series of diagrams shown in Fig. 5, by the curves marked with 
the small circle; that is, the current delivered to the light valve, and 
hence the opening of the light valve, would be proportional to the 
transmission of the negative. The light from the light valve, falling 
on the printing paper would then, by virtue of the matching of the two 
photographic characteristics, result in a correct print, as shown in 
the third of the series of diagrams. 

This is, however, not a very practical procedure for several reasons, 
chief of which is the fact that any experimenting as to papers, exposures, 
and developments carried on over a long transmission line, the cost of 
which may amount to many dollars in a few minutes, is extremely 
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undesirable. The ideal in electrical transmission is to cut the actual 
transmission time to an absolute minimum and to make the electrical 
operations always follow identical lines. In other words, if possible, 
either the negatives used should always be of exactly the same quality, 
or, as a possible alternative, such adjustment of printing operations 
to negative quality as are necessary should be introduced before the 
picture signals are sent over the line. This ideal, as it turns out, cannot 
be exactly achieved and this is one of the reasons why this method of 
picture transmission is not favored. As, however, a study of the 
possibilities of correction for negative quality at the sending end brings 
out some interesting points in connection with photographic procedure, 
a description of what may be done along this line will be given. 

We will assume that the various negatives brought in by, let us say, 
a news photographer, are all made on cut film of the size used in the 
picture apparatus. This necessary condition could be imposed on the 
photographer by the customer who expects to send the pictures by 
wire. We will, for purposes of discussion, suppose further the use of 
“commercial” cut film having photographic characteristics represented 
by the Hurter and Driffield diagram, Fig. 7 (full lines). In adjusting 
the picture transmission apparatus before a picture is sent, the extreme 
values of current supplied to the light valve (commonly called the 
“light” and ‘“‘dark”’ conditions) are set ordinarily to correspond to 
clear film and to complete opacity. If these end points were used with 
all the varieties of exposure and development represented in Fig. 7 the 
currents sent over the line, corresponding to the range of tone values 
of interest in the picture, would vary enormously with the character 
of the negative; and if, as is assumed, no variation of the procedure 
at the receiving end were permitted, we should be in the same situation 
as though we were trying to secure good prints from all kinds of 
negatives using only one length of exposure. 

In place of the setting for ‘“‘dark”’ and “‘light’’ just assumed, suppose 
we pick out on each negative, as nearly as can be done, a “black” and a 
“white,” for instance the deepest shadow, and the brightest highlight; 
and use these for our two end points. We can then be assured that 
these points will be rendered as black and white in our print, and one 
element of correct tone rendering will be provided for. What will happen 
to the intermediate tones? In order to answer this question, let us 
take, as the extreme range of tone value which may be reproduced on 
a print, a ratio of brightness of 40 to 1 (log=1.6), which is in good 
agreement with the facts, that is, the darkest and lightest parts 
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selected on the negative may be expected in general to correspond to 
this range in the object photographed. The procedure then consists: 
first, in replotting the characteristic curves of Fig. 7, on a linear scale 
(Fig. 9); second, in selecting portions of range 40 to 1, corresponding 





























Fic. 9. Negative emulsion characteristics plotted on linear scale. 


to under, correct, and over exposure, by referring to the Hurter and 
Driffield plot; third, giving to these portions such a linear magnification 
as will separate their end points by the distance between the zero and 
unit transmission ordinates (Fig. 10), (this corresponds to the process 
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Fic. 10. Negative characteristics on linear scale, magnified to place 40 to 1 range between ‘“‘dark’’ 
and “‘light” adjustments. 


of using these two points as the “light” and “dark”’ conditions) ; fourth, 
in transferring these curves back to the logarithmic Hurter and Driffield 
form, yielding finally the dashed lines shown in Fig. 7, (Ri, Re, Rs). 
These dashed lines are in fact the characteristics of the virtual negatives, 
to coin a term, from which we are to print by identical exposures, at 
the receiving end. 








186 H. E. Ives [J.0.S.A. & R.S.L., 12 


Examination of these virtual negative characteristics reveals several 
points of interest. The process of end point setting has not resulted in 
identical characteristics for all conditions of exposure and development. 
The original characteristic differences due to variations in exposure and 
development are still in evidence, although diminished in magnitude. 
The characteristic curves are not in general straight lines, even over 
the range in which the original negative characteristic curves are 
straight. The slopes of*the characteristics of these virtual negatives 
are in general considerably steeper than those of the real negatives, 
calling for a printing medium such as would be picked for considerably 
more fully developed negatives than any of the original ones shown. 
All of the characteristic curves exhibit an upward turn for the higher 
exposure regions. This, it may be noted, would act to offset the dis- 
tortion due to the low exposure region curvature of ordinary printing 
media, so that such of the dashed characteristics shown as are straight 
for the lower exposure regions would actually yield somewhat better 
prints than would normal ‘correct’ negatives. Inspection of the 
virtual negative characteristics shows that it is the most fully exposed, 
and particularly the most completely developed negatives, that give 
the straightest virtual characteristics. In short, we find that for the 
most faithful tone rendering by this scheme, the negatives should be 
fully exposed, and developed to high density. This conclusion is borne 
out by experiment. 

Summarizing this particular scheme of picture transmission with 
regard to the question of correct tone rendering, it will be seen that the 
method of end point setting, while it will give pictures which are of fair 
availability for some purposes, will not in general give correct tone 
rendering. The one definite advantage of this procedure is that only 
two operations are needed, in order to secure a picture at a distant point, 
namely, taking the original negative and making the print over the 
transmission line. 

The second case to be considered among the variable density types 
of picture is that of transmission from positive to negative. The various 
steps involved are illustrated in the diagrams of Fig. 5 by the curves 
marked v. Starting with the negative, which may be of any type of 
exposure and development, the operator at the sending end makes a 
transparency positive. The positives made for this purpose should all 
be of a standard quality. In practice it is found desirable to make 
positives in which the whites are practically clear film and the range 
of tone values of interest runs up to a very good black. The positive, 
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when obtained, should have exactly the quality which it is desired to 
have in the finished picture. It is put on the transmitting apparatus 
with the light valve setting as in the first case, namely, to give an 
illumination proportional to the transmission of the film at the sending 
end. At the receiving end one then obtains a negative, which, if ex- 
posure and development happen to lie within certain limits, will be 
quite similar in appearance to the original negative. Exposure and 
development, may however be allowed to vary over quite a range, 
without passing beyond the limits of “correct” negative quality for 
purposes of printing. This negative, because of the permissible latitude 
in its handling, thus differs essentially in its availability from the print 
which was considered in the first case. Prints may be made from it, 
and the technique of making these prints is exactly similar to that of 
printing from the negatives with which a photographer is familiar in 
his everyday experience. The rendering of tone values, as shown by 
the straight line of the lowest diagram, is correct. It will be seen that 
this procedure, which involves four operations in place of the two 
operations of the procedure first considered, confines all of the photo- 
graphic experimenting and exercise of judgment to the operations 
preliminary to placing a film upon the sending apparatus and sub- 
sequent to the receiving of the transmitted negative. In short, the 
transmission procedure may be a standardized one in which the settings 
of the apparatus are always the same. In practice these settings are 
merely for light and dark; that is, the light valve ribbon must occupy 
its two extreme positions for the currents which come over the line 
when the photoelectric cell is exposed to clear film and complete 
opacity. 

The third procedure which must be considered, in order to cover all 
the combinations of positive and negative transmission, consists in 
sending from positive to positive. This is indicated in the diagrams by 
the curves marked with the x. Starting with the negative taken from 
the original object, a correct positive is made, as in the second case. 
Transmission is then performed with the light valve adjustment 
opposite to that heretofore considered, as shown by the appropriate 
straight line in the second diagram. In the third diagram is shown the 
characteristic of the received positive. It will be seen that this is a 
positive only in the sense that its two ends, namely, white and black, 
correspond to the white and black of the original. Owing to the char- 
acteristic of the single photographic operation the tone rendering does 
not follow a linear relation, but a strongly curved one. This procedure 











188 H. E. Ives [J.O.S.A. & R.S.L., 12 


then, which involves three operations, gives at the receiving end a 
result which is incorrect in its tone rendering. 

The fourth procedure to be considered in the making of variable 
density pictures is that of sending from negative to negative. This is 
indicated in Fig. 5 by the curves marked with the square. Starting 
with the original negative, the opening of the light valve, and hence the 
illumination from it, is complementary to the transmission of the 
negative and is represented by a curve convex to the axis of abscissas. 
This results in a photographic print in which the extreme points, black 
and white, agree with those of the negative, but the curvature is much 
more pronounced, as shown in the third diagram. When prints are 
made from this received negative they have a characteristic which, as 
is shown in the fourth diagram, is convex to the axis of abscissas. By 
this procedure, which involves three operations, we therefore obtain 
again a picture in which the tone rendering is incorrect, emphasizing 
once more that in the variable density form of picture it is necessary to 
have the photographic operations performed always in pairs. 


VARIABLE SIZED STRUCTURE PICTURES 


In Fig. 6 are shown the diagrams corresponding to those of Fig. 5 
but relating to the case of reception as a structure of variable size. 
These may be considered in the same order as the variable density 
combinations. Taking up first, transmission from negative to positive, 
shown by the curves marked with a small circle, we find that, contrary 
to the result with the variable density pictures, the positive which we 
receive is incorrect in its tone rendering. The reason for this is that 
instead of the reciprocal relation which an ordinary photographic 
operation produces, we have in variable structure pictures a com- 
plementary relation; the received positive transmits, through the spaces 
between its lines or other structure, the difference between unit or 
complete transmission, and the transmission of the negative. 

Going on to the second case, namely, transmission from positive to 
negative, indicated by the curves with a V, we find here that we have 
correct tone rendering. The reason is that we place upon the apparatus 
a positive which is correct in tone values, the received negative is 
complementary in its transmission to this positive and a print from this 
negative is in turn complementary, that is, it is like the original positive. 
We shall, in fact, find that a necessary condition for correct tone rendering 
where pictures are reproduced in the form of variable sized structure is 
that a positive must be placed on the sending apparatus. 
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The next case to consider is that of positive to positive sending. 
A correct positive made from the original negative is placed on the 
sending apparatus. The light valve adjustment is such as to give the 
full opening for the condition of no illumination at the sending end and 
no opening for a condition of full illumination at the sending end. The 
result, as shown in the curves marked x in the third diagram, is a 
positive similar in appearance to the original positive; that is, we have 
for this case correct tone rendering, where in the parallel case for 
variable density pictures we had incorrect tone rendering. 

The fourth case to be considered is that of negative to negative 
sending, indicated by the curves marked with a square. In this case we 
receive at the sending end a structured negative which when viewed 
at such a distance that its structure is invisible looks exactly like the 
negative put on the sending end. When, however, a print is made from 
this by contact printing so that the structure is preserved, we obtained 
a picture whose tone values are complementary to those of the negative; 
in other words, we have here incorrect tone rendering. It is of interest 
to note that if this printing operation is performed with the structure 
blurred or thrown out of focus a print can be made having correct tone 
values. 


PRACTICAL CHOICE OF OPERATING METHOD 


With these various methods of sending and receiving thus schemat- 
ically presented it is possible to make a choice of the best procedure 
in electrical picture transmission. The discussion as given thus far has 
indicated which methods must be used if correct tone rendering is to 
be secured. Other considerations, however, than tone rendering quality 
are of great weight and narrow our choice still further. Thus, as we 
have seen, the apparent advantage of the first method considered for 
variable density pictures, i.¢., its relatively few operations, is offset 
by the necessity for experimenting over the transmission lines or the 
use of elaborate and probably impracticable film characteristic measure- 
ments and exposure controls. This leaves available among the variable 
density methods only the second, namely, the procedure in which a 
positive transparency is used at the sending end and is received as a 
negative. This is the procedure which is actually most commonly used 
in our commercial picture transmission. In spite of the number of 
operations involved, namely, four, it actually turns out that this 
procedure is admirably suited to the common demands for transmitted 
pictures. In the first place it is to be noted that the negatives from 
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which prints are desired at a distant point are likely to be made on 
plates or films of a variety of sizes, whereas practically every picture 
transmission apparatus must be built to handle economically only one 
size; that perhaps the majority of negatives are made on glass plates, 
which our apparatus does not handle, and that in most cases the object 
of interest is either not centrally placed on the negative or is of a differ- 
ent size than is desired. The procedure of making a positive trans- 
parency on film of correct size for use on the apparatus thus represents 
a practically unavoidable step in the majority of cases. By making 
these positives from wet negatives and using the positive film in a wet 
condition very little time is actually lost compared with the lengthy 
period which is ordinarily taken in the processes of reproduction of 
the received print. At the receiving end it is more often than not the 
case that a considerable number of prints are wanted. This for instance, 
is the situation with news agencies which supply a number of customers 
with transmitted pictures. As has been pointed out above, when very 
great economy of time is demanded, it is possible to make original 
negatives on the proper size of film (5 x7”) and make a print by one 
operation over the transmission line using the method of ‘“‘end point”’ 
adjustment, with comparatively small loss of quality under favorable 
conditions; but such demands are evidently rare. 

In the case of pictures of variable sized structure we must, as has 
been pointed out, work in any case from a correct transparency positive 
at the sending end. Whether transmission shall be to positive or 
negative is then determined by the use to which the received picture is 
to be put. It is always to be expected that a structured picture will be 
utilized for making a typographic printing plate, so that a negative is 
ultimately required. If a single customer is to be served the picture may 
profitably be received as a negative, so that the film, as received on the 
machine, may be delivered directly to him. If a number of customers 
are to be served it is preferable to receive as a positive, making sub- 
sequently the required number of contact negatives for printing on 
metal. 


Some further remarks on the matter of the number of operations 
involved may be made with special reference to reproduction of the 
pictures by typographic printing, as in the text of newspapers. To the 
operations as already listed must, of course, be added the making of 
the printing plate and the printing operation in the printing press. 
Thus to the four operations by which the variable density prints are 
produced must be added, photographing through a cross line screen, 
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printing on zinc or copper, and printing from the press, making a total 
of seven operations. This number of operations is materially reduced 
in the case of the variable sized structure pictures, for when these are 
received as structured negatives, prints may be made on metal without 
the interposition of either a paper print or the process of copying 
through a cross line screen, so that the final newspaper page may be 
reached in five operations from the original object to be photographed. 
This advantage can of course only be realized if the picture on the 
positive film at the sending end is of the exact size required for the final 
printing and if it may go through without retouching or special treat- 
ment to adapt it to newspaper inks and printing methods. 
SPECIAL PROCEDURES 


It has been assumed throughout in this discussion that the electrical 
transmission apparatus has a linear characteristic, and in the develop- 
ment of the apparatus every effort has been made, and with success, 
to have a strictly rectilinear relationship between the light incident 
at the sending end and the light received from the apparatus at the 
receiving end. It is of some theoretical interest to consider briefly what 
might be done by introducing distortions to offset peculiarities of the 
photographic process or to produce pictures of distorted characteristics 
suitable for certain special purposes. 

Two kinds of distortion may be introduced: electrical and optical. 
Considering any of the incorrect tone rendering characteristics, as 
shown in Fig. 5 and 6, it is obvious that if the relationship between 
light input and current output of the whole system were curved in a 
reciprocal or complementary fashion to the characteristics of the 
incorrectly rendered pictures, one might secure correct tone rendering. 
In the case of pictures reproduced by a structure of variable size, 
distortion of the electrical characteristic is the only kind feasible. It 
has, however, been found in general that non-linear electrical character- 
istics tend to introduce instabilities in the system, and for this and 
other reasons such form of distortion has not been given serious con- 
sideration. 

Optical distortion is available in the case of a picture of the variable 
density form. One method of introducing optical distortion is to place 
diaphragms over the aperture of the light valve so that, as the ribbon 
moves, it exposes varying lengths of light valve aperture in addition to 
the variation of breadth which results from its motion over an ordinary 
rectangular opening. It has been found possible by placing over the 
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light valve aperture an additional aperture of curved form to offset the 
extreme curvature of the strictly photographic characteristic, thereby 
permitting transmission from negative to negative or positive to 
positive. Fig. 11 shows the tone rendering characteristic obtained by 
the use of a special aperture which reduces the relative action in the 
early stages of the light valve ribbon motion. It will be seen that in 
place of the strongly curved characteristic of diagram 3, Fig. 5 (marked 
x), a reasonably straight characteristic has been obtained over the 
greater part of the tone range. The use of such optical distortion would 
permit the elimination of one photographic operation. Transmission 
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could then be made by exact facsimile; that is, a negative put on at the 
sending end would be reproduced at the receiving end. This possibility, 
while of theoretical interest, has not appeared to be of great practical 
value as yet. 


The need for distortions of tone value to meet certain practical 
requirements arises in variable structure pictures. In typographic 
printing, as of half tone plates, it is necessary to keep a printing 
structure in the whites in order that the paper shall not push down into 
the hollows of the printing plate, and to keep a certain amount of 
structure in the blacks in order that the ink shall not “smudge.” The 
preservation of structure at the two extremes in structured pictures 
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may be accomplished by adjusting the light valve in the manner 
indicated by the dashed line in Fig. 2, so that the extreme excursions of 
the ribbon corresponding to “light” and ‘“‘dark” never entirely close or 
entirely open that aperture. Fig. 4, which has already been referred 
to as an example of a variable sized structure picture, illustrates this 
kind of distortion. It will be noted that the whites still have a narrow 
black line and the blacks still show a narrow white line; that is the 
“contrast” of the picture has been somewhat reduced in order to meet 
practical printing conditions. 

Quite another mode of utilizing distortion is to take advantage of 
distortions which occur in some of the methods of transmission and 
reception shown in Figs. 5 and 6, in order to secure special results of 
value in certain connections. As an illustration of this possibility let 
us take the case of transmission from a negative and reception as a 
structured negative. As shown by diagram 4, of Fig. 6, this gives a 
final print (e.g. in a printing press from a metal plate) in which the 
light grays are all rendered as little different from white. Now it 
happens that this kind of a characteristic is very close to that striven 
for in most newspaper half tone reproduction. Faces for instance are 
commonly rendered as that same light gray which (in order to preserve 
a printing dot) takes the place of white. Consequently it appears that 
quite acceptable newspaper pictures might be obtained by this scheme 
of transmission. As we have seen, this procedure requires the minimum 
number of operations, and would therefore be particularly suitable for 
newspaper work where the call for few processes and great speed is 
most urgent. 

In transmitting from original negatives one would, as already pointed 
out, be at the mercy of the variable quality to be expected in negative 
making under all sets of conditions. It is of interest to note what quality 
of negative would give the nearest approximation to a faithful final 
picture. For this purpose we may plot, on a linear scale, the character- 
istics of various qualities of negatives, as rendered to the receiving end, 
by the process of end point settings, such as would of necessity be used 
to give a structured negative suitable for typographic printing plate 
production. This is done in Fig. 10. From this figure it will be seen 
that the nearest approximation to a straight line is obtained from under- 
exposed negatives which are developed only to low densities. This calls 
for just the opposite practice from that indicated for transmission from 
original negatives to paper prints, the quickest procedure for structure- 
less pictures. 
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Those of you who have followed this discussion may have been 
impressed by the fact that it has brought out little new in optical or 
photographic theory. The problem has been typically one of applied 
science. It has resolved itself into two phases: first, that of investigating 
how the given apparatus will function when operated in various ways, 
and second, that of deciding on the most practical procedure. To solve 
the first of these problems naught more is required than to use directly 
and intelligently available photographic information. To solve the 
second we have been compelled to take into account the uses to which 
the product may be put, and to existing practices in other arts. The 
choice of procedure is therefore a matter of practical commercial 
judgment. It is in this respect that most engineering problems differ 
from those falling in the domain of pure science, where the ideal is 
to get as answer an unconditional “yes” or “‘no.”’ 


BELL TELEPHONE LABORATORIES, INCORPORATED 
463 West St., New York, N. Y. 


Chemically Active Helium.—Helium at a pressure between 0.5 
mm and 0.1 mm is confined in a tube containing a tungsten filament 
and a grid, surrounded by a glass shield. When the filament is heated 
and an electron-accelerating P.D. of 1000 volts applied between it and 
the grid, the pressure of helium goes down, the weight of the filament 
decreases (its resistance increasing) and a weighable coating appears 
on the shield. The relative rates at which matter appears and dis- 
appears from these various phases often stand, within the errors of 
experiment (about 5%) in the same ratio as if each atom of tungsten 
leaving the filament combined with two of helium. The coating on the 
shield, which is presumed to be WHe:, is “quite different in lustre’’ 
from metallic tungsten. When heated to near the softening point of 
glass, or attacked by certain strong reagents, the coating breaks down 
and pours out gaseous helium, as much as was originally withdrawn. 
Mercury vapor has a mysterious sort of catalytic effect on the rate 
of the process, which it speeds up; this may be correlated with the 
separately observed fact that Hg vapor promotes the volatilization of 
hot tungsten in vacuo. There is evidence that at liquid air temperature 
He forms stable compounds with Hg, I, P, and S. There are a couple 
of mutually discordant statements in the article. [E. H. Boomer, 
Cavendish; Proc. Roy. Soc., A109, pp. 198-225; 1925.| 


Kari K. Darrow 

















POLARIZATION OF RADIATION SCATTERED BY AN 
ELECTRONIC SYSTEM IN A MAGNETIC FIELD 


By G. Breir 


Abstract.—The polarization of radiation scattered by an electronic system in a magnetic 
field is worked out on the classical theory. It is shown that it is improbable that the experi- 
mental facts can be accounted for on a classical analogy. Instead, a quantum hypothesis is 
made which appears to account for the phenomena more satisfactorily. 


The behavior of resonance radiation in a weak magnetic field has been 
discussed by Eldridge' and also by the writer.?- The theory of Eldridge 
is hard to accept in view of the observations of Hanle who showed that 
circularly or elliptically polarized incident radiation is re-emitted as 
such. The writer’s theory gives results very similar to those of Eldridge 
if the incident radiation is linearly polarized. However, neither of these 
theories was capable of accounting for the experimental facts in more 
than a qualitative manner. In particular, the appreciable slope of the 
curve representing the dependence of the polarization P on the magni- 
tude of the field H at H =0 has not been explained. It seemed, therefore, 
that the isotropic oscillator which has been found to be a satisfactory 
tool in explaining most of the ordinary phenomena in scattering did 
not offer a satisfactory explanation here. For this reason it was thought 
advisable to consider the possibility of accounting for the phenomena 
observed by Ellett by substituting a general dynamical system for the 
isotropic oscillator. It will be found in such a way that there is a 
possibility of accounting for the experimental results provided certain 
types of motion are stabilized by the magnetic field. If such types of 
motion are not possible, as seems to be the case, the probability of being 
able to account for the experimental facts by any direct appeal to the 
Correspondence Principle becomes very small. 

The atom which we consider may consist of a number of electrons. 
Every one of these electrons is acted on by the incident wave. As long 
as the wave length of the incident light is long in comparison with 
atomic dimensions the Hamiltonian function of the atom when put in 
the field of the incident wave is 


H’=H+e(x;E.+ y:E,+2:E.) cos2r(vt+ €o) (1) 


1 J. A. Eldridge, Physical Rev., 24, p. 234; 1924. 
* G. Breit, J.0.S.A. & R.S.I. 10, p. 439; 1925; also Phil. Mag., 47, p. 832; 1924. 
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where the electric intensity of the incident wave is 
(E,, Ey, Ez) cos24(vot+ €) 


the coordinates of the various electrons are 











(xi, Vix 24) 
and their respective charges are — ¢;. 
Defining 
Lejx; Leys Lez; 
= > , Fe > ; > ’ e= 2e; (2) 


the expression for H and also the perturbation equations are exactly of 
the form discussed by Van Vleck* for a single electron. Using these 
calculations and generalizing them to coupled systems and to inter- 
rupted perturbations the writer‘ derived expressions for the average 
polarization caused in such a system if the average interval of time 
during which an atom is perturbed by the incident wave without re- 
turning to its initial state is 7) and if these intervals of time are dis- 
tributed statistically around 7». In connection with the question of 
radiation pressure these equations have been generalized in an obvious 
manner. We are basing our calculations here on formula (14) of the 
latter paper. 

We suppose throughout all of this paper that Larmor’s theorem ap- 
plies, i.e., that in Larmor’s rotating frame of reference and in the 
presence of a magnetic field the equations of motion are the same as 
they would be if the field were absent and the frame were at rest. 

We denote Larmor frequency by v» and we choose the sense of revo- 
lution in such a way that the electric intensity of the incident wave 
when referred to the Larmor frame can be expressed by 


E,' = Eycos24(vt+ €o) cos2 rvol 


(3 
E,’ = Eocos2x(vt+ €o)sin2 vol ' 
This is the same as 
Eo 
E,'=— lcos2x((»+m0)t+ eo) + cos2x((v—vo)t+ €o) | 
(3) 


E 
E,’ == [cos2x((r+ vo)t+ €o-—}) — cos2x((v—vo)t+ €o—}) | 


* Phys. Rev., pp. 330-365; Oct. 1924. 
* J. Wash. Acad. Sci., 15, p. 269; 1925. 
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In terms of the angular variables w and momenta J we have expansions 
of the form 
x=2A,exp 2riw,, y= 2B, exp 2xiw,, z= ZC, exp 2riw, (4) 
where 
A r= A Ti, 72, 


+ +7™n 


W,=T1WitteWet - + * HTrWn 


and the numbers r cover all possible positivé and negative integral 
values. 

Now it has been shown that if a multiply periodic system of the type 
defined by (4) is acted on by an electric intensity 


(E,, Ey, E,) cos2x(vt+ €o) 
and if the perturbation is supposed to last at any one time 7, the dis- 
tribution of the times T being given by e~7/7, d T/T, then the average 
change in x is 


e i) 
A x=—Zexp 2ri(w,4,,+ vit €o) [ —- (E,A,+E,Br+E,C,:) 
2 oJ; 





0A, 
AC + »)— (EA + EyBr + EC.) Clon t \(retr!)= | (5) 
I 
where the above summation is taken over all positive and negative 
values of the integers 7, where 
Weyer =(Titt )wit(t2+72’)wet - - - 
and where 
2niTo 


~ 14-28iT (cw, + v) 
We apply formula (5) in the rotating frame using expressions (3’) for 
the electric and magnetic intensities in the frame. 

Referring throughout to the average change we thus have for the 
part of the average change which involves only terms for which 
tit, =0 


C(w, +r) 





(6) 


eEo ; a ; 
Ax’ = —Z exp 2ri(+(v+vo)t+ €o) 71 —{Av~A,C(w-t (v-+y)) } 

4 OJ; 

cE te) 
+—-Z exp 2wi( + (v—vo)tt €0) 71 —{ A,Ay-C(wp + (v—m0)) } 

4 OJ; 


eEy z 1 0 . 
+s exp 27i(+(v—vo)t+ (€o—4)) ro ; By A,C(w + (v+y0)) } 
F 


eEo - 1 ) » 
—— exp 2ri(+(v—vo)tt+ (€o—3)) nat By A -C(w, +(y— vo)) } (7) 
I 
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eE> , 7] : 
Ay — exp 2ri(+ (v+ voit €0) Ti 1 Ar BC (wr + (y+ vo)) } 
F 
eE, : 0 
+—-E exp 2ri( + (v—vo)t+ €0) t1—| A, B,C(w, +(v—vo))} 
4 oJ; 
eEo 0 , 
— = exp 2ri( + (v—vo)t+(eo—})) 1: 37, (Be B Clon (v—vo)) } 
1 


eEo . ; ) 
“—" exp 2ri( + (v—vo)t+ (eo—})) 11 97,1 Be BC wr +(v—vo))} (8) 
i 


Since now 

Ax’+idy’ =e**'*(Ax+idy) (9) 
we can obtain the right-hand member of (9) from (7) and (8), and hence 
we can also obtain Ax+iAy. After some transformations we obtain 


eE 
Ax+idy oP ep 2xi(vt+ €o) na \D, °C(—w,+v+ 0) 


eE a 2); 
——*z’ exp 2ri(vt — €o) r: —} \D; 2C(w,—v +) } 
4 oJ; 


(1) (1) 


+s ‘exp2ri((r— Dnt «0) 11 ay, | D, D_, C(—w,+v—v) | 


eEo 
—w exp 2ri(—(v+2v0)t—€o) Lr | DID, C(w:— v— vo) } (10) 
where 
(1) 


D, =A,+1B, 


oe” «A-—éh, (10’) 


The approximation here is the customary one near resonance. We 
let r take only such values as to make wr positive and we neglect terms 
involving C(—w—,v) or C(w;+v). The convention w,>Oin (10) is 
indicated by the accent in 2’. 

This result gives the character of the motion and enables us to cal- 
culate the degree of polarization. 

We observe that 


(Ax+idy)?= = Ax?— Ay y+ 2i AxAy 
and that 





(Ax-+idy) (Ax—iAdy) = Ax?+ Ay? (11) 
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We thus obtain for the degree of polarization 


JS © (Ax? — Ay) dy 
p= T= (ae 4A) dr (12) 





Both numerator and denominator can be calculated here from (11). 
According to (10) 


CE? (1) 


oe a) 
(Ax+iAy)*= [zn |D, |?C(—a,+v+ 0) } | 
i 


(2) 


vr, {|D, |?C } 13 
x [Pn | + | (—w,+v— v0) | (13) 


From (13) we obtain the contribution to Ax*— Ay*® due to a monochro- 
matic wave. In the case of resonance radiation we are usually con- 
cerned with an illumination which is approximately uniform through 
a small region of the spectrum, this region being wide, however, in 
comparison with the natural width of the line. The quantity |Ax+iAy |* 
obtains then abnormally large contributions from one combination of 
terms in the two summation signs in (13), viz: 

CE? 


8 





(2 é ' p” 2C( ot 1) 
2iT1 —— r |\C(—o,+vt+p 
I rir, | 0 


te) 
(2:1 {1 02 Cle») ) 


where only one particular frequency w, which lies within the band of 
the incident light is considered. Using (6) we have for the interesting 
part of (Ax+iAy)? 


alp:” le a\D;” \2 
(2. : ! ) (2. ) 
__.- We EST? OJ; oJ; 


Ax? — Ay?+ 2iAx Ay=— - 
: 4 2 [1+2%iTo(v—w) |[1—24iTo(v— we) | 


dw, : 1. | 2 
te Te (1) ID, |p, |? 
aJ 


I 














[1+-22iTo(v—w,) |? [1—24iT (vy — we) |? 


Ow, 
2xiTs ( 7 ~*) 
OJ; 


[1+22iTo(v—w;)] [1 —2eiT (»— cs) ] 

















A a\D, |2 ( 7] D, \2 
a” eet i ey ee. | 
oJ; oJ; (14) 
1+ 2riTo(v—w;) 1—2riTo(v— we) | 
where 
W1=W,— Vo, W2= Wr + M9 (14’) 


Since in resonance-radiation experiments in which the exciting 
light is produced by means of an arc the width of the incident line is 
considerably greater than the width of the line emitted by the resonating 
vapor and since (14) has appreciable values only if y—w, and v—aw, are 
both small, we are justified in integrating (14) with respect to vy from 
—o to +o, 

Using the formulas 
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and taking the real as well as the imaginary part of (14) we have 
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We calculate next the denominator of (12) by means of the second of 
the Eqs. (11) using (10). We have after some transformations 
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where for brevity the summation signs indicating summation with 
respect to / have been dropped. 
Formula (12) gives P by means of (15) and (17). Letting 


2rTovo=x (18) 
we have an expression for the polarization of the type 
A, 1— 3x? x 


D = — 


bees bh 
tpat pay pate 





(19) 


Here A, >0 always and A; <0 if the slope of the (P, H) curve at H =0 
is negative. Although it is impossible to represent an exponential curve 
by an equation of the type (19) accurately, a very much better approxi- 
mation than by means of the first term alone can be obtained. 

If the above theory is to be taken literally a continuous background of 
illumination is essential, and it is seen that the slope of the (P, H) curve 
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does not vanish only on account of terms in x/(1+<*)? which have in 
their coefficient the combination 


a\D° a |p” It a\D. |2 


Qe 


! 


D t ?Zr, 


This combination is symmetrical in (1) and (2). Referring to the defini- 
tion (10’) we see that on the average such terms can survive only if 
right and left-handed rotations in a magnetic field are not to be treated 
on an equal basis. Such could be the case only if the magnetic field 
introduced a stabilizing influence on one of these rotations. Since such 
an hypothesis implies a rather violent influence of the magnetic field 
and since both sodium and mercury would have to be influenced by the 
field in the same way, we must try to modify the fundamental assump- 
tions so as not to be made to accept the hypothesis of stabilization as the 
only possible one. 

Considering the last two terms in (14) we see that if the spectral 
distribution should be non-uniform so as to make one of the terms in the 
last bracket preponderant the symmetry in the indices (1) and (2) will 
be destroyed and the hypothesis of stabilization will be unnecessary. 
The spectral dissymmetry sufficient for this may be small because the 
resonance takes place only in a spectral width comparable with the 
natural width of the line. 

By means of (16), (15) we can also obtain the angle through which 
the direction of maximum polarization turns, this being given by 

—2AxAy 
we 240 (20) 
Ax*— Ay’ 
We can write this as: 
x 1 —1+2* 3x—x' 
Ar——~ + —A:——- +A - 
1+z? 2 (1+2*)? (1+2*)* 
A, ‘ x 1—3x* 
ite (te) bap 


tan 2a= 





(21) 


Experimentally it is known that if x=0 then alsoa=0. According to 
As 


(21) if x=0, tan 2a= 2 . Hence we must suppose that A,=0. 
Ait+As 


If this is the case, then in the (P, H) curve the slope at H =0 is zero. 
Thus we are lead to a direct contradiction with experiment on the 
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hypothesis of uniform spectral distribution. One can try to satisfy the 
experimental results by assuming a non-uniform spectral distribution. 
However, such an explanation must rest on the particular type of spec- 
tral distribution needed and would appear to be very artificial. 

It seems to be more satisfactory to abandon the attempt of drawing a 
close analogy between classical perturbations and experimental results 
and to explain these more directly in terms of quanta. The exact manner 
in which such a formulation should be given is unknown. However, 
tentatively the writer would propose the following picture. Under the 
action of the radiation, atoms are excited from a state of low energy 
(say s) to a state of high energy (say p). In the state s every atom has 
before excitation an orientation in space which is determined by quan- 
tum rules for the space-quantization of atoms in a magnetic field. When 
the atom is excited to a p state it must, in its final state, assume a 
generally different orientation. We may suppose, however, that a 
certain time is necessary in order to assume this final state. Perhaps 
the simplest hypothesis we can make is that the probability of an atom 
passing from an unoriented condition into an oriented one in the interval 
dt is of the form 


adt 


where a is independent of ¢. Quite independently of this probability 
we suppose that there is a certain probability 


adl 


that the atom will fall from the p into the s state. Let ¢=0 be the time 
at which the atom has reached the p state. At the time ¢ there is 
a probability e~ that the atom still is in the p state. The probability 
that this particular atom is in an unoriented condition is e~* and the 
probability that it has reached its final orientation is 1—e-*’. Thus we 
have: 
Probability of emission from unoriented p state in interval dt =ae—“—“dt. 
Probability of emission from oriented p state in interval dt =a(l-e-™ edt. 
Integrating these probabilities from t=0 to ~ we have: 
Probability of emission from unoriented stale=a/a+a. 
Probability of emission from oriented state=a/a+a. 

We suppose to start with, that the radiation coming from unoriented 
states has a polarization which is determined by the polarization of the 
incident radiation and which is thus polarized always to the same de- 
gree Py. The radiation from oriented states, however, we suppose un- 
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polarized. By a simple calculation we find that if the amount of radi- 
ation polarized in the same direction as the incident light is X¥ and the 
amount of radiation polarized in a perpendicular direction is Y, then 


SehbRd-em dis, 
“2 a a 


ee ep te 
2 ata 2 
and thus the degree of polarization is 
P=P)/(1+a/a) 


In this formula a is independent of the magnetic field H, but a is cer- 
tainly dependent on H. The simplest hypothesis one can make is that 
a is proportional to H. The reason for this choice is that according to a 
general principle due to Bohr the quantization of a system is valid 
only if the system is truly periodic. The period which determines 
space quantization is the period of the Larmor precession. The fre- 
quency of the Larmor precession is proportional to H, and thus the 
tendency of assuming a definite orientation, i.e., a may be assumed to 
be proportional to H. Thus (23) becomes 


P= Po/(1+kH/a) (24) 


where & and a are constants. It is seen that (dP/dH) 4 -, ~Oand thus 
even the very elementary conceptions used in this formula are more 
satisfactory than the classical point of view. 

However, the picture just presented cannot be right because it does 
not take into account the phenomenon of the rotation of the plane of 
maximum polarization. This phenomenon must be due to some action 
of the atoms which have not been oriented by the magnetic field, and 
it is reasonable to suppose that these atoms are reacting in a semi- 
classical manner. This means that P, may not be taken to be constant 
but perhaps varies in a manner given by (19). A special case of such a 
relation would be 

Po 


P= taH)\(1+bH) 





(25) 


which has a general similarity with an exponential relation. 

This division of atoms into oriented and unoriented ones enables one 
to see a reason for the disagreement between Ellett’s curve for the rota- 
tion of the plane of maximum polarization for sodium and the writer’s 
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previous calculation on a classical basis.’ The disagreement is seen from 
the fact that in a field of 14 Gauss a rotation of about 23° is produced, 
whereas the depolarization is about .25 of the maximum. Such a large 
depolarization according to the writer’s previous calculation gives a 
rotation of about 40°. The division just mentioned leads one to expect 
a greater depolarizing influence for the same rotation because the de- 
polarizing influence is partly due to the presence of completely oriented 
atoms. 

The above theory is, of course, only tentative. Different laws for the 
probabilities concerned will give different results. 


DEPARTMENT OF TERRESTRIAL MAGNETISM, 
CARNEGIE INSTITUTION OF WASHINGTON, 
Wasurincron, D. C. 


5 A. Ellett, J.0.S.A., & R.S.1., 10, p. 427, especially p. 433; G. Breit, J.0.S.A., & R.S.L, 
10, p. 439, especially p. 446. 


Zeeman Effect in Strong Magnetic Fields.—Continuing the ap- 
plications of his method for producing unprecedentedly great magnetic 
fields (cf. This Journal, /0, pp. 709-710) Kapitza makes photographic 
records of the Zeeman effect as produced upon various metal lines by 
fields as high as 130,000 gauss. Oscillating sparks between electrodes 


nearly or quite in contact, made of or overspread with thin films of the 
material of which the spectrum was desired, served as sources of light. 
The shortness of the period (.003 second) during which the high field 
prevails makes it necessary to use a brilliant source, to conserve light 
in the spectrograph, to use fast plates, and to take other precautions. 
The photographs are not yet so good as there is doubtless reason to 
expect that later ones will be; but the accuracy is great enough to show 
that the separation between the s components of certain lines (sp; com- 
binations from the triplet systems of Zn and HgO does not indefinitely 
increase proportionally with the field, but rises at an increasingly rapid 
rate beyond some 70,000 gauss; and there are indications that this 
occurs for other lines. On the other hand, it is clear that no so strong 
effect occurs with sp, combinations from the doublet systems of ionized 
atoms of the second column, nor SP combinations from the singlet 
system of magnesium. The pictures are generally not distinct enough 
to separate the components occurring when the Zeeman effect is 
anomalous, but there are some cases in which the apparent pattern 
becomes sharper as the field strengthens, as though the Paschen-Back 
effect were occurring. On the whole the results seem full of promise 
although not as yet very extensive. [P. L. Kapitza and H. W. B. 
Skinner; Proc. Roy. Soc., A109, pp. 224-239; 1925. 


Kari K. Darrow 
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Vacuum Thermocouples, with an Application to the Improve- 
ment of the Optical Lever.— Inthe vacuum thermocouples constructed 
by Moll and Burger at Utrecht, the escape of heat from the irradiated 
junction by conduction through the air is practically eliminated, while 
that by conduction through the metal is lowered to less than twice the 
escape by radiation which constitutes the ideal minimum; and the 
equilibrium-reading is attained within 3 seconds after the beginning of 
irradiation. This is attained by soldering thick plates of manganin and 
constantan, edge to edge, by silver, and rolling the bimetallic plate down 
to .005 mm thickness; a narrow transverse strip is separated from the 
plate by etching, and used as the thermoelement. Owing to the in- 
fusibility of all the materials the tube and its contents can be de-gassed 
at 300° or 400°C. An element of this type was found to yield 1/3 micro- 
volt for an irradiation of 10~-* cal/sec. over an area of .05 mm*. A similar 
strip, consisting of a band of manganin joined at each end to bands of 
constantan, replaces the translucent scale used in conjunction with 
an optical lever; for, as the spot of light travels back and forth along 
the band of manganin, the relative heating of the junctions at its two 
ends changes, and the galvanometer reading follows the displacement 
of the spot. This so-called ‘‘thermo-relay”’ is effectively much more 
sensitive than the usual system, because the accuracy of the latter is 
limited by the haziness of the spot of light which renders precise read- 
ings impossible beyond a certain degree of magnification. The authors 
describe how the sensitivity of a galvanometer is magnified by using 
this device, although eventually its accuracy is limited by the fluctua- 
tions of the galvanometer itself. Another advantage is that the readings 
may be recorded. Many physicists of whom English is the native 
language write it less well than these Netherlanders. [W. J. H. Moll 
and H. C. Burger, Utrecht; Phil. Mag., 50, pp. 618-631; 1925.] 


Kart K. Darrow 


Mingling of the Isotopes of Chlorine and Silicon in Meteorites. 
It is found by experiments of extreme accuracy that the atomic weight 
of chlorine from meteorites is equal, to five significant figures, to that of 
terrestrial chlorine; hence, that the two isotopes are mixed in the same 
relative proportions, in chlorine of either provenience—a result of which 
the implications may be important. A similar test was made upon 
silicon by Jager and Dykstra, who used alternately terrestrial and 
meteoritic silicon in forming a liquid compound Si(C.Hs),, of which 
they measured the density in the two cases. There was only a very 
slight difference in the fifth and last significant figure, and even this is 
ascribed for reason to difference in purity. |W. D. Harkins and S. B. 
Stone, Chicago; Nature 116, p. 426; 1925. F. M. Jager and D. W. 
Dykstra; ZS. anorg. Chem., 143, pp. 233 ff.; 1925.] 


Kart K. Darrow 





PHOTOGRAPHIC SPECTRA OF TRIBO-LUMINESCENCE 
By D. M. NELSON 


Several attempts have been made to secure spectrograms of tribo- 
luminescence. Detailed and accurate information on the nature and 
color of the emitted light has been sought with the view of contributing 
something to the solution of the problem of atomic structure. The 
present investigation represents a study of tribo-luminescent spectra 
by the photographic method. In this study it is sought to ascertain 
the influence of the mode of excitation upon the nature and color of 
the light emitted and the relation of tribo-luminescence to the other 
forms of luminescence. 

The term tribo-luminescence was first used by Weidmann' in 
describing the property of certain substances which emitted light when 
rubbed or scratched. The early observers of this phenomenon held to 
the view that the illumination was caused by small particles of the 
substance becoming heated to incandescence by friction. It was 
demonstrated, however, as early as 1792 by Saussure? that light could 
be obtained under conditions which would make a pure temperature 
radiation altogether unlikely. He prepared a substance by fusing a 
mixture of chalk and phosphoric acid which glowed even when stroked 
with a quill. Five years before the work of Saussure, Pickel*® observed 
that crystallization of certain substances from solution was accom- 
panied by an emission of light. This phenomenon, which is a special 
case of tribo-luminescence, has been called crystallo-luminescence. 
Hendrick‘ made an exhaustive study of tribo-luminescence but reached 
no definite conclusions as to its cause. He emphasized the fact, however, 
that the light was not occasioned by incandescence produced by 
rubbing. Thomas Wedgwood! was -the first to direct attention to the 
fact that light could be produced by striking together two pieces of 
quartz or sugar. James Weir French* observed sparklets of light when 
optical glass was being cut into slabs by a soft steel circular saw the 

! Wied. Ann., 34, p. 446; 1888. 

* Kayser Handbuch der Spektroscopie, 4, p. 672; 1904. 

* Taschenbuch fru Scheidekunstler, p. 55; 1787. 

* Die Phosphorescenz der Kérper, 4, pp. 424, 570; 1820. 

5 Phil. Trans. Royal Society; 1792. 

® Nature, pp. 108-503. 
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edge of which was charged with diamond dust. Dessaignes’ attempted 
to show that the light obtained by grinding glass, adularia, and pumice 
stone in a mortar was an electrical effect. He held that a stronger light 
was obtained in a metal mortar than in a porcelain one; and that better 
results were secured in dry than in wet weather. J. Precht* showed 
that ice at low temperature is tribo-luminescent. Large artificial 
crystals of salicylic acid were placed on a piece of flannel cloth by 
C.S.S. Webster’ and crushed against a glass plate in the dark whereupon 
many brilliant flashes of light were seen. Crystals of potassium sul- 
phate’ and arsenious acid" also emit light when ruptured. A. Imhof” 
studied about ninety inorganic substances and found that tribo- 
luminescence was not confined to crystal substances but is shown also 
by a small number of amorphous substances which also exist in crystal- 
line form. 

The writer gives below a list of tribo-luminescent minerals with their 
luminescent properties. Samples of these minerals were furnished by 
W. L. Lemcke of Franklin, Pa. All of these were carefully examined 
and from two of them spectrograms were made. 


LIST OF TRIBO-LUMINESCENT ORES WITH THEIR 
CHARACTERISTIC PROPERTIES 


DOLOMITE; tri-rhombohedral; (CaMg) CO;; yellowish-white; from 
Wasatch Mountains, Utah; tribo-luminescence, reddish; bright. Tri- 
rhombohedral CaCO; MgCO;; white; from Custer County, S. D. 
Tribo-luminescence, reddish; bright. 

FLUORITE;; Isometric CaF:; White, translucent; from Burnett Co., 
Texas; tribo-luminescence, whitish; weak. Yellowish white; from 
Haddan Neck, Conn.; tribo-luminescence, whitish; bright. 
HEXAGONITE; Monoclinic; CaMg; (SiO;),; white; from the walls 
of No. 3 Talc Mine at Talcville, New York; tribo-luminescence, reddish; 
bright. Pale lavender; from Edwards, St. Lawrence Co., New York; 
tribo-luminescence, golden; bright. . 

PECOLITE; Monoclinic; HO - Na,O - 6 SiO.; white; from Guttenbery, 
N. J.; tribo-luminescence, golden; bright. Colorless, translucent; from 
Bergen Hill, New Jersey; tribo-luminescence, golden; bright. 


7 Delamentherie; Jour. Phys., 68, pp. 444, 695; 1809. 
8 Phys. Zeit Schr., 3, pp. 457-59; July 5, 1902. 

* Chem. News, pp. 92-185; Oct. 20, 1905. 

10 Comptes Rendus, 140, pp. 1234-36; May 8, 1905. 
Comptes Rendus, 140, pp. 1170-71, May, 1905. 

12 Phys. Zeit. 18, pp. 78, 91; Feb. 15, 1917. 
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SPHALERITE; Isometric; ZnS; Silvery-white translucent Cleiophane; 
from Franklin Furnace, New Jersey; tribo-luminescence, golden; very 
bright. Buff and reddish; from Horn Silver Mining Co., Frisco, Beaver 
County, Utah. Tribo-luminescence, golden; very bright. Slate color; 
from Iola, Allen County; tribo-luminescence, golden; bright. Reddish 
yellowish, and greenish, translucent and transparent; from Picos de, 
Europa Santander, Spain. Tribo-luminescence, golden; bright. 

TALC; Orthorhombic or monoclinic; HO -3MgO-4 SiO,; Fibrous; 
very pale green; from Gillespie County, Texas. Tribo-luminescence, 
yellow; bright. 

TREMOLITE; Monoclinic; CaMg;(SiO;),; pale green; from Custer 
County, South Dakota. Tribo-luminescence, whitish; weak. White; 
from Great Barrington, Mass. Tribo-luminescence, whitish; fair. 
WILLIMITE;; Tri-rhombohedral; ZnOSiO.; from Franklin Furnace, 
New Jersey. White fibrous; tribo-luminescence, yellowish-green; bright. 
Pale green and gray; tribo-luminescence, whitish; bright. Pale yellowish 
white, translucent; tribo-luminescence, whitish; weak. 
WOLLASTONITE; Monoclinic; CaO-SiO.; from Llano County, 
Texas; tribo-luminescence, whitish; bright. White; from near River- 
side, California, tribo-luminescence, whitish; bright. White; from 
Lewis County, New York; tribo-luminescence, whitish; fair. Pink; 
from Franklin Furnace, New Jersey; tribo-luminescence, whitish; weak. 


PREPARATION OF TRIBO-LUMINESCENT MATERIAL 


Not only are tribo-luminescent substances found in nature but they 
also have been prepared artificially. A. Karl" fired a mixture of zinc 
sulphide with a number of different compounds such as silicic, stannic 
and titanic acids or the salts of these acids and obtained compounds 
which showed the phenomenon of tribo-luminescence to such a marked 
degree that when the crystals were crushed with a glass rod the light 
was observable in ordinary daylight. 

W. S. Andrews" while experimenting with the manufacturing of 
fluorescent and phosphorescent materials accidentally discovered that 
one of his preparations exhibited tribo-luminescent properties. A more 
recent method employed by Mr. Andrews has produced material 
which is very highly tribo-luminescent. 


3 Comptes Rendus, 144, pp. 841-43; Apr. 22, 1907. 
“ Transaction American Electro Chemical Society, 28, pp. 279-81. 
% The American Mineralogist, 7, pp. 19-23; 1922. 
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This very interest'ng compound was prepared by calcining for 30 
minutes a mixture of 100 grams of zinc carbonate, 30 grams of flour 
of sulphur and 0.5 grams of Black oxide of Manganese. 

The Hammer Radium Company, of Denver, Colorado, has also 
prepared a zinc sulphide powder for commercial purposes which is 
highly tribo-luminescent, as well as phosphorescent. A sample of this 
substance was used by the writer in making Plates 1F and 1J. 

Dr. Wallace Goold Levison’* made an interesting study of a number 
of natural minerals which are tribo-luminescent in varying degrees. 
Each mineral investigated was first reduced to powder and thoroughly 
mixed with liquid glue. This mixture was then spread upon a thick 
paste board disc about 15 cm in diameter. The coated disc was attached 
to an ordinary rotator used for illustrating the recomposition of light. 
Tribo-luminescence was excited by pressing a wire brush against the 
surface of the revolving disc. The duration of the light was determined 
by the length of the trail and the spectrum was delineated visually 
with a spectroscope. Among the substances studied by this method 
were sphalerite and chlorophane, the two mineral ores used by the 
writer in his investigation. The color of the light from the sphalerite 
was found to be yellow with a duration of about .02 sec. The spectrum 
was short extending from about the C to the E line. The light from 
the chlorophane ore from Haddan Neck, Connecticut, had a duration 
of over .04 sec. and the color was given as red. 

Trautz'’ failed to secure spectrograms from strongest crystallo- 
luminescence and tribo-luminescence. He obtained the color of the 
emitted light by exposing a panchromatic plate to the luminescence. 
A series of different colored ray filters were placed between the source 
of light and the plate. In the same way he made photographs using 
the same filters with white light as the source. By comparison the color 
of the faint luminescence was determined with an accuracy limited by 
the number and choice of ray filters employed. Arsenic trioxide and 
potassium sulphate were the substances used. 

A. Karl'® found that the color of the light emitted by various tribo- 
luminescent substances varied with the tribo-luminogen and the diluent. 
He further concluded that the color of the tribo-luminescence is not 
necessarily the same as the color of the phosphorescence of the same 
mixtures. 


6 Science, N. S., 19, No. 491, pp. 826-27; May 27, 1904. 
18 Comptes Rendus, 146, pp. 1104-06; 1907. 
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C. W. Waggoner'® examined visually the spectrum of a tribo- 
luminescent zinc sulphide powder prepared by W. S. Andrews, of the 
General Electric Company. Tribo-luminescence was excited by allow- 
ing a steel brush to bear lightly on the surface of a rotating disc over 
which had been painted the sample after mixing it with fish glue. The 
substance was also made to luminesce by exciting it with x-rays. The 
spectral distribution was determined by observing the spectrum visually 
with a Hilger Spectrometer, the light intensity being too small, when 
dispersed, to be recorded photographically. A table was prepared 
showing roughly the extent of the spectrum in each case. From the 
results it was concluded that the maximum intensity of the spectrum 
seemed to be independent of the mode of excitation, and that the 
greater width of the tribo-luminescent spectrum was evidently due to 
the fact that the intensity of the light excited by mechanical means was 
greater than that excited by x-rays. In conclusion, the author expressed 
the hope that he might be able to develop some compounds which 
would show sufficient intensity to allow the spectrum to be determined 
photographically during the decay of the tribo-luminescent light. 

H. B. Weiser” sought to determine the color of the emitted light of 
crystallo-luminescence. He failed to secure spectrograms after an 
exposure of eight hours. He then relied on the color sensitiveness of 
the eye to determine the color of the emitted light. The following 
conclusions were reached: 

1. Spectroscopic investigation of faint luminescence is impossible. 

2. The color of faint luminescence cannot be determined even 
approximately with the unaided eye. 

3. The only satisfactory method is with the filter screen as employed 
by Trautz. 


MATERIALS USED IN THIS INVESTIGATION 


The following tribo-luminescent substances were used by the writer 
in the work on which this paper is based: 

1. Sphalerite. This is a zinc sulphide ore. Its specific gravity is 4, 
and its hardness is 4. The specimen used was taken from the Horn 
Silver Mine, Utah. So highly tribo-luminescent is this ore that light 
can be produced by stroking it with the fingers. B.S. Butler*! says 


1 Physical Review, 7, p. 402; 1917. 

2 Journal of Physical Chemistry, 22, No. 6, pp. 439-449; June, 1918. 

*% United States Geological Survey, Professional Paper No. 80. Government Printing 
Office, Washington, D. C., p. 169; 1913. 
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that so marked is this property that zinc ore can readily be detecte:! 
in the mine by drawing the point of a candle stick or pick across th: 
rock. If zinc ore is present the point of the metal will be followed by « 
line of light. 

2. Chlorophane. This is a native calcium fluoride ore, sometimes 
called fluorspar, or fluorite. The sample used in this experiment was 
secured from Haddan Neck, Conn. It has a hardness of 4, and a 
specific gravity of 3.2. 

3. Zinc Sulphide (artificially prepared). This is a yellow powder 
manufactured by the Hammer Radium Company, of Denver, Colorado. 
This substance is highly phosphorescent as well as tribo-luminescent. 


APPARATUS 


Figs. 1 and 2 show two different views of the set-up of the apparatus 
for photographing the spectra of the light from the tribo-luminescent 
substances. The photographic instrument employed was a Hilger 
Spectrograph. A converging lens 3 cm in diameter with a focal length 
of 12 cm was used to gather up the light and focus it on the slit of the 
collimator. The rotator used was a variable speed motor whose limit 
was 3000 r.p.m. The brush holder consisted of a board with dimen- 
sions 2.5 cm X5 cm X45 cm. A piece of spring brass 25 cm in length 
was bent 5 cm from each end so as to fit over one end of the board, 
leaving the entire length of the remainder of the spring free to move. 
Two jaws were riveted on the spring brass near the center in which the 
brush was held. The other end of the board was also fitted with a 
spring which reduced the rigidity and added greatly to the smoothness 
and steadiness of the operation. A Pliicker helium tube made by 
W.S. Andrews was used with a small induction coil to furnish the source 
of light for the comparison spectrum. G. Cramer and Son’s specially 
sensitized Trichromatic plates with a contrast developer produced the 
most satisfactory results. 


OPERATION 


The native ore was fashioned into the shape of a grind stone with a 
half-inch rod through the center. One end of this rod was fitted into 
the sleeve of the upright motor. The speed which produced the brightest 
luminescence was 2000 revolutions per minute. A yellow orange colored 
light extending around one-third the circumference of the revolving 
stone was emitted. The condensing lens was placed 12 cm from the 
source of the light and 60 cm from the slit of the collimator. The 
exposing and developing were of necessity, done in a light-tight room. 
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Plate 1A was made from the light which was taken from the area 
where the brush made contact with the ore. The light used in making 
Plate 1B was gathered from an area an inch away from the brush. 
Plate 1A, therefore, shows a tribo-fluorescent spectrum and 1B shows 





Fic. 1. Side view of apparatus. 


a tribo-phosphorescent spectrum. A 180 grit G.-9 bond carborundum 
stone was used for the brush in each instance. This brush produced the 
intensest light of all the brushes tried. Plate 1C was made in the 
same manner as 1A with the single exception that a wire brush was 





Fic. 2. End view of apparatus. 


substituted for the carborundum brush. In the latter case the light 
intensity was not so great as shown by the greater length of exposure 
and the narrower band. The color of the light emitted by this ore in 
each instance is predominantly orange with a fringe of red and yellow. 
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Plates 1D and 1G are the tribo-fluorescent spectrum of the chloro- 
phane ore. In 1D alundum was used as the exciter. In 1G an emery 
brush was employed. The alundum brush produced a slightly greater 
light intensity. 

Plate 1/ is the tribo-luminescent spectrum of the tribo-luminescent, 
phosphorescent zinc sulphide powder, prepared by the Hammer 
Radium Company, Denver, Colorado. The powder was mixed with a 
liquid glue which was not itself luminescent. This mixture was then 
painted on the circumference of a wooden wheel 7.5 cm in diameter, 
the same being attached to the motor as heretofore. A wire brush was 
used as the exciter. In making Plate 17, some of the same powder 
employed in making Plate 127 was put in a transparent tube and 
repeatedly exposed to a mercury arc for one hour. The phosphorescence 
produced was photographed in the usual way. The phosphorescence of 
the material was more intense than the tribo-luminescence of the same 
material as the photographs show. It will be noted that the width of 
the bands from the luminescent powder is greater than that from the 
native ores, and the color does not go as far into the red but reaches 
over into the green. 

Plate 1E was made from sparklets produced from a piece of an iron 
file used as a brush against an emery wheel. The time of exposure was 
30 minutes. As might be expected, the spectrum extends over the 
entire range of the visible spectrum. 

Plate 1H is the spectra of the tribo-luminescent sphalerite ore and 
the phosphorescent zinc sulphide powder recorded on the same plate. 
A wire brush was used as exciter for the tribo luminescent substance 
and a mercury arc for the phosphorescent powder. 

A dispersion scale from the spectrum of helium was made for the 
spectrograph used. By the use of this scale, the limits of all the spectra 
were read in Angstroms. This was done by matching the line 5876 with 
the left hand edge of the yellow helium line and reading from the scale. 
The spectra on Plate 1H were measured in a similar way using a scale 
prepared for the mercury spectrum. 


TABLE 1. The maxima and extent of the spectra of Plate 1 


Plate 1A 6100 Max 5900 5700 
Plate 1B 6100 Max 5900 5700 
Plate 1C 6000 Max 5900 5800 


Plate 1D 5900 Max 5750 5600 
Plate 1G 5900 Max 5775 5700 














PLate 1. Spectra of luminescent substances with spectra of He and Hg for comparison. 


The helium spectrum was used for comparison throughout except in Plate 1H where the 
mercury spectrum was used. 
A, sphalerite ore; orange tribo-fluorescence; exposure 1 hour; exciter, carborundum brush. 
B, sphalerite ore; orange tribo-phosphorescence; exposure 1} hours, exciter, carborundum 
brush. 
C, sphalerite ore; orange tribo-fluorescence; exposure 2 hours; exciter, wire brush. 
D, chlorophane ore; orange tribo-fluorescence; exposure 2 hours, exciter, alundum brush. 
E, Sparklets from steel file on emery wheel; white light; } hour exposure. 
F, tribo-phosphorescence powder; yellow phosphorescence; 1 hour exposure; exciter, mer- 
cury arc. 
G, chlorophane ore; orange tribo-fluorescence; 2 hours exposure; exciter, emery brush. 
H, (a) tribo-luminescent, phosphorescent powder; yellow phosphorescence; 1 hour ex- 
posure; exciter, mercury arc. 
(b) sphalerite ore; orange tribo-fluorescence; exposure 1} hours; exciter, wire brush. 
I, tribo-phos. powder; yellow tribo-fluorescence; 2 hours exposure; exciter, wire brush. 
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Plate 1F 6050 Max 5750 5225 
Plate 17 6050 Max 5750 5250 
Plate 1H 6050 Max 5750 5225 

6000 Max 5900 5825 
Plate 1E 6600 Max 5800 4300 


CONCLUSIONS 

1. Contrary to the view of early experimenters it is possible to photo- 
graph the spectrum of tribo-luminescence. 

2. The spectrum is continuous. 

3. The spectrum obtained from the native ores is a narrow band 
lying in the yellow region, while the spectrum from the luminescent 
powder is wider, and extends over into the green. 

4. The color of tribo-luminescence was determined photographically, 
thus reducing the element of uncertainty in the visual method and the 
experimental difficulties encountered in the ray filter method. 

5. The color of the phosphorescence, fluorescence, and tribo-lumin- 
escence produced by the same substance appears to be the same. 

6. The width of the bands and the color of the spectra from the 
luminescent powder are essentially the same. 

7. The character of the brush does not seem to affect the color of the 
emitted light, but it does affect the intensity of the light and the width 
of the bands. 

The author appreciates the interest and advice of Dr. A. L. Foley 
under whose direction the above work was carried out. 

PuysIcaL LABORATORY, INDIANA UNIVERSITY, 


BLOOMINGTON, INDIANA. 
May 20, 1925. 
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Dissipation of Energy in a Low-pressure Gas-discharge.— 
Dauvillier’s idea is to measure the rate of dissipation of energy at an 
electrode of a low-pressure gas-discharge by making the electrode 
essentially a water-calorimeter. Operating with hydrogen at pressures of 
45, 26, 15 bars, with a wattage of 24 dissipated in the tube, he finds that 
the rates of dissipation of energy at the cathode are 6.7, 6.5, 4.9 watts 
respectively and those at the anode are 1.5, 5.2, 8.3 watts respectively. 
Hence he draws conclusions as to the relative numbers of ions carrying 
currents in the two senses. The data and conclusions are not easy to 
reconcile with those of Gunther-Schulze (This Journal, 9, 722) which 
seem to be more carefully conducted and interpreted. [A. Dauvillier; 
C.R., 181, pp. 281-283; 1925.] 


Kart K. Darrow 


Theory of the Electrical Breakdown of Emulsions.—The theory 
is, that the droplets of the dispersed substance are drawn out into 
spheroids by the applied field, the spheroid increasing in eccentricity 
until its surface tension balances the distorting force; if this equilibrium 
state is not attained before the droplets touch one another and coalesce, 
the spark passes. Applied to oil containing a small percentage of water 
in droplets, the theory indicates that the breakdown potential should 
increase very slowly with decreasing water-content until a critical 
value, about 0.1%, is reached; thereafter very rapidly. This is said 


to agree well with experiment, quantitatively as well as qualitatively. 
[A. Gyemant: Naturwiss., /3, pp. 726-727; 1925.| 


Kari K. Darrow 


Transmutation of Nitrogen into Helium and Neon—Riding 
and Baly observe the appearance of He and Ne in a discharge of rather 
high voltage (equivalent to a 6-inch spark) maintained in a tube con- 
taining rarefied oxygen and an nati-cathode made of Mg?N’, or else 
made of Mg or Al and coated in situ with nitride by running the dis- 
charge awhile in nitrogen gas. In some cases the rare gases appear in 
the tube, in others they are disengaged by intense heating of the 
material which is torn from the electrodes and thrown down upon the 
walls of the tube. A nitride is used as anticathode. It is not, however, 
stated that the authors tried the control experiment of heating a nitride- 
coated before passing the discharge, to see whether any helium or neon 
came off. They think that the helium nucle resulted from disintegration 
of nitrogen nuclei, and the neon nucle from aggregation of helium 
nuclei—|[R. W. Riding and E. C. C. Baly; Proc. Roy. Soc., A 109, 
pp. 186-193; 1925.] 


Kart K. DARROW 





INSTRUMENT SECTION 


SOME APPLICATIONS OF THE AC POTENTIOMETER* 
By T. SPOONER 


ABSTRACT 


' There are described certain applications of the ac potentiometer for which the Tinsley-Gall 

type is especially suitable. These include the measurement of the magnetic properties of 
laminated steel, values of inductance and effective resistance, the magnitude of current 
transformer ratio and phase angle errors, the amplification factors of audio frequency ampli- 
fiers, and finally the use of the potentiometer for magnetic analysis. 


INTRODUCTION 








The Gall type of coordinate ac potentiometer recently placed on the 
market by H. Tinsley & Co. has proved to be such a useful device that 
it was thought a description of some of the uses which have actually 
been made of it would be of interest. The old Drysdale ac potentiometer 
is familiar to many investigators. In that type, ac current is supplied 
to a single potentiometer from a phase-shifting transformer. When a 
balance against the unknown voltage is obtained, the setting of the 


potentiometer gives the magnitude of the quantity to be measured and 
the position of the phase-shifting transformer rotor the angle. 

The Gall type consists of two distinct potentiometers, each supplied 
with ac current of the same magnitude but the current in one potenti- 
ometer is in quadrature with that in the other. A phase-shifting trans- 
former may or may not be used to supply these currents. With this 
potentiometer two quadrature components of the quantity to be 
measured are given simultaneously and they may be referred to any 
convenient axis of reference. For certain applications this type of 
potentiometer has certain obvious advantages. The Gall potentiometer 
has been described elsewhere and the details of construction and adjust- 
ment will not be considered here.' 

As installed the potentiometer was supplied with current from a 
2-phase phase-shifting transformer. This transformer consisted of a 
small standard polyphase wound-rotor induction motor. The stator 
was wound for 220 volts, 60 cycles, 3 phase and the rotor for about 30 


* Scientific Paper No. 198, Westinghouse Electric and Manufacturing Company, Research 
Laboratory. , 


' A New A. C. Potentiometer: by D.C. Gall. Electrician, 9, p. 360; Apr. 6, 1923. 
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218 T. SPOONER [J.0.S.A. & R.S.L, 12 


volts, 2 phase. The rotor was provided with a worm-drive and hand- 
wheel for the adjustment of the phase angles. The potentiometer 
elements were connected through suitable regulating resistances to 
the rotor winding of the induction motor. Resistances were also pro- 
vided for shifting the phase of one circuit with respect to the other in 
order to obtain an exact quadrature relation. Of course, when the 
hand-wheel was revolved, both phases were shifted simultaneously. 

The potentiometer was provided with a vibration galvanometer; 
therefore, only the fundamental component of the ac voltage was 
indicated. For 60 cycles or less and very small voltages generated in a 
low resistance circuit differences of .00001 volt could readily be detected. 
The tests to be described were all made at commercial frequencies but 
the potentiometer is said to give satisfactory results up to 3000 cycles. 


Sample Transformer 














Fic. 1. Connections for core loss and magnetizing current measurements. 


APPLICATIONS 


Core Loss and Magnetizing-Current Measurements. In connection with 
the development and the design of instrument transformers it is 
desirable to know the magnetic characteristics of the core material at 
low inductions in order that the operating performance of any par- 
ticular design may be predicted. The same is true of the core material 
for use in audio-frequency and telephone transformers and inductances. 
Fig. 1 shows the connections for such a test. 

The sample, which for convenience is shown in ring form, is provided 
with a primary and secondary winding N, and N:. Ac current of the 
desired frequency is supplied from a convenient source through a 
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regulating transformer and series resistance. There is also in series a 
standard non-inductive resistance R. The potentiometer is shown 
schematically below, A representing one potentiometer and B the 
other. The two potentiometer currents are made equal by suitable 
adjustable resistances not shown and in quadrature by means of a 
mutual inductance and other adjustable resistances also not shown. 
The phase-shifting transformer is supplied from the same source as the 
primary of the sample. The primary current /, is first adjusted to some 
convenient value and switch S is thrown to the left, thus connecting 
the potentiometer to the secondary winding N2. Potentiometer B is 
set to O and the phase-shifting transformer and potentiometer A then 
adjusted for O reading of the vibration galvanometer VG. When this 
adjustment is completed, A gives the magnitude of the secondary 
voltage and from it the induction in the sample can be calculated as 
follows, assuming a sine wave of voltage which is nearly true for low 
and moderate inductions and approximately a sine wave supply of 
current. This assumption is far from true, however, for high inductions. 


B= E,X 10*/ AN2fX 4.44 (1) 


where B is the induction in gausses, 

E,” ” induced voltage, 

A ” ™® cross section of the specimen in sq. cm. 

N.” ” the number of secondary turns and 

f ” ™® frequency. 
Next S is thrown to the right which connects the potentiometer across 
the terminals of the shunt R. Potentiometers A and B are then adjusted 
for a vibration-galvanometer balance. The reading of A then is pro- 
portional to the loss component of the current in the primary winding 
and the reading of B is proportional to the wattless or magnetizing 
component of the current. If R=1 ohm, the readings of A and B are 
directly in amperes. This operation may be repeated for as many 
inductions as desired. 

In series-transformer calculations these two components of current 
are used directly so this makes a particularly desirable form of test. 
With a 10-pound sample losses as low as 10~’ watts per pound have 
been measured with a fair degree of accuracy. This corresponds to an 
induction of only a few gausses. 

This method is particularly suited to a study of the properties of 
audio-frequency transformer punchings. The magnetic characteristics 
corresponding to a few gausses of induction which is the normal operat- 
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ing condition for this material can readily be obtained. This will be 
mentioned again later. Also if a very small ring sample of materia! 
consisting of a few grams only is available the losses and effective 
permeability under ac conditions may readily be determined approx- 
imately by this means. 

' The chief advantage of this type of ac potentiometer provided with 
a phase shifting transformer, over others is that the loss and wattless 
components of current may be read directly and simultaneously without 
any calculations. 

Current Transformers. The coordinate potentiometer may be used 
very readily and simply for the actual measurement of the ratios and 
phase angles of current transformers. Fig. 2 illustrates the method. 

% 






































Fic. 2. Connections for series transforn er ratio and phase angle measurements. 


The transformer primary is supplied from the same source as the 
primary of the phase-shifting transformer through a regulating re- 
sistance R, and a non-inductive resistance R,. The secondary is con- 
nected through a non-inductive resistance R, to the desired load or 
burden consisting of a variable resistance R and a variable inductance 
X. The resistances R; and R, have such a relation that R,/R: equals 
the normal transformer ratio. For a perfect transformer, then, the 
voltage drops across R,; and R, will be exactly equal and exactly 180° 
out of phase. 
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Suppose now switch S is thrown up connecting the potentiometer 
across the terminals of resistance R;. Potentiometer B is set to O and 
potentiometer A and the phase-shifting transformer are adjusted for 
a vibration-galvanometer balance. This means that the current in 
potentiometer A is in phase with the current in the transformer primary. 
Next S is thrown down connecting the potentiometer across the right 
hand terminals of R; and R:. A and B are again balanced and this 
measures the difference in voltage drop across the two shunts resulting 
from errors in phase angles and ratio of the transformer. 

Referring to the small vector diagram at the right of Fig. 2 potenti- 
ometer A reads the component of voltage difference in phase with the 
primary current and potentiometer B, the quadrature component. 
Since A and B are actually very small with reference to the resistance 
drops 7,R, and J,R, the ratio and phase angle @ may be calculated as 
follows: 


Ratio= 1+A//,R, (2) 
tan 6= B/J,R, (3) 


where A and B are the readings of potentiometers A and B, respectively, 
and J, is the primary current as measured by the potential drop across 
Ri. 

Figs. 3 and 4 show some actual results as obtained on a 10 to 5 type 
K.A. Westinghouse transformer by this method and by the Bureau of 
Standards. 

If the values of X and KR are not known the burden may very readily 
be adjusted to any desired value by adjusting the secondary current 
to some known value and connecting the potentiometer across the 
transformer secondary terminals. If, for instance, potentiometer A is 
in phase with the secondary current and the current is 1 ampere poten- 
tiometer A may be set to .8 volt and B to .6 volt, and R and X adjusted 
for a balance. When this balance is obtained, the full load external 
burden will be 25 volt-amperes at 80% power factor. This automat- 
ically includes the resistance of R: but not the resistance of the second- 
ary winding. 

Inductance Measurements. This ac potentiometer furnishes a ready 
means of measuring coefficients of self-induction of either large or 
small inductances with or without ferromagnetic cores. Inductance 
values from a few microhenries to many henries have been satisfactorily 
measured. For instance, assume that an inductance is connected to 
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an ac circuit through a non-inductive resistance. Suppose the poten 
tiometer is connected to the terminals of this resistance, the B potenti 


— a 


° 


Test results on 10-5 KA Westinghouse series transformer. 


25 


0 1 2 3 4 5 


Fic. 4. Test results on 10-5 KA Westinghouse series transformer. 


ometer set to O and the A potentiometer and phase-shifting transformer 
adjusted for a balance. The A potentiometer will then be in phase with 
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the current. Next connect the potentiometer terminals across the 
terminals of the inductance and measure the A and B components of 
voltage. The B potentiometer gives the 7X drop through the inductance 
and the A potentiometer the 7R drop. Then 


L=x/2xf = B/2xfl (4) 
R=A/I (5S) 


where R is the effective resistance of the inductance and A and B are 
the two potentiometer readings. 

If the inductance-coil copper conductors have a large enough cross 
section and the frequency is high enough, due to skin effect R will be 
higher than the ohmic resistance. Again if the inductance has an iron 
core the value of R will include a loss component due to the hysteresis 
and eddly losses in the core. 

A similar type of test has been made in connection with bars in the 
slots of rotating machines. Under this condition the effective resistance 


IR(=A) 


Fic. 5. Jllustrating inductance measurements. 


may be several times the ohmic resistance due to the skin effect as 
augmented by the presence of the high permeability iron. If ac current 
is passed through a conductor in a slot, the effective resistance and 
reactance for any desired length can readily be measured by the same 
method as just outlined. This can be done of course only when the 
machine is at standstill. 

Audio Transformers and Amplifiers. In the performance of audio 
amplifiers the inductances of the transformer primary circuits are often 
of interest when considered in connection with the plate impedance 
of the tubes. The inductance of an audio transformer may easily be 
measured by the method just described. 

If desired, the amplification ratio of a tube and transformer or series 
of tubes and transformers may be measured directly with the ac poten- 
tiometer up to the frequency limit of the instrument. Also a vector 
diagram may be constructed from which the amplification of a given 
transformer with tubes having different impedances and amplification 
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ratios may be predicted. This test method is shown by Fig. 6 which 
shows a single tube amplifier circuit with the additional feature of a 
non-inductive resistance R in series with the plate circuit and a tertiary 
winding NV; wound outside of the secondary winding N:. The tertiary 
winding has only a few turns. An ac signal taken from the same source 
as that which supplies the potentiometer is supplied to the grid and its 
value may be measured by means of the potentiometer. 

The transformer secondary voltage may be measured by connecting 
the potentiometer winding to the secondary winding N; or if the voltage 
is too high to N;. The ratio of the secondary voltage to the signal 
voltage is the amplification ratio of the combined tube and transformer. 
If N;is used the ratio of secondary to applied voltage must be multiplied 
by N2/N;. The advantage of the ac potentiometer is that it takes no 
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Fic. 6. Connections for testing axdio anplifiers. 


current and therefore the transformer secondary resistance, which is 
often quite high, does not need to be considered. In order to construct 
the vector diagram showing the effect of transformer exciting current 
on amplification, the potentiometer is first connected to Nz or Ns, 
potentiometer B set to 0 and potentiometer A and the phase-shifting 
transformer adjusted for a balance. The potentiometer is then con- 
nected to the terminals of R and the loss and magnetizing components 
of the exciting current are read. From a knowledge of the tube im- 
pedance and of the resistance of the primary winding of the transformer 
the vector diagram can readily be constructed. 

Magnetic Analysis. Under certain conditions this potentiometer 
furnishes a ready means of determining whether or not steel specimens 
have received the correct heat treatment. For instance, in connection 
with a certain investigation on the heat treatment of high-speed steels 
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a series of bars were quenched at various temperatures and then tested 
as shown by Fig. 7. 

A solenoid consisting of a primary winding N, and a secondary N, 
was provided into which the samples could be placed one at a time. 
The primary connections are obvious. The potentiometer A was 


| Sample 


& 
: 
To Pot 
Fic. 7. Connections for magnetic analysis. 

adjusted in phase with the secondary voltage. The adjustable re- 
sistance R; was made equal to some definite value corresponding to the 
desired mean value of induction in the sample. The loss Jw and 
magnetizing Jy components of exciting current were then read by 
connecting the potentiometer to the terminals of R. Fig. 8 shows some 
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Fic. 8. Magnetic tests on high speed steel bars. 


typical average results. Evidently since the relations between Iw,Jy 
and quenching temperature are so definite, for a particular heat of steel 
at least, a simple test of this type would make possible an approximate 
determination of the quenching temperature to which a particular 
sample had been subjected. 
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CONCLUSIONS 


The above-described applications for the Tinsley-Gall potentiometer 
are of course only a few of the many possible ones, but are ones to which 
this particular type of ac potentiometer is especially adapted. The 
instrument is particularly convenient for obtaining data for construct- 
ing vector diagrams in rectangular coordinates since in general no angles 
have to be measured. When, as is so often the case in magnetic work, 
the watt and wattless components of exciting current are required, they 
may be obtained by this ac potentiometer much more easily than by 
the ordinary procedure of measuring the volts, amperes and watts. 


WESTINGHOUSE ELECTRIC AND MANUFACTURING Co., 
East PIttsBurGH, Pa. 


Behavior of Tin Crystals under Tension and Heat Treatment. 
—Tin crystals grow steadily harder while they are being stretched, 
the shearing-stress along the slip-planes required to continue the 
extension steadily increasing. A correlated fact is that the rate at 
which the crystal yields by “flowing,” when left standing for some 
minutes under stress, is greater the first time the stress is applied than 
the second time. When the hardened crystal is warmed for a minute 
at 60° it softens somewhat and the rate of flowing under given stress 
increases again. All these tests are made with exceedingly small tensions 
and deformations so that the atom-lattice will not re-orient itself 
relatively to the line of stress. The behavior of the crystals depends in 
a complicated manner on the rate at which the tension is increased. 
The most striking results are those which bear upon the re-crystalliza- 
tion which occurs when a tin crystal, stretched out to five or six fold 
its initial length, is heated for a few minutes to 140° or thereabouts. 
The old lattice gives way to a new one, which grows out from the end 
of the strip or some other place where the internal stresses are great, 
and creeps along the strip at a visible and measurable rate, amounting 
under certain circumstances to several mm per second. The photo- 
graphs showing such strips half invaded by the new lattice are quite 
distinct. The recrystallized band is much softer than before. The 
effect occurs only with strips of which the surface is covered with a 
pattern of “slip lines’’; other strips, some of them extended to ten fold 
the original length, have smooth shiny surfaces, and do not recrystallize 
at all when heated; this is not understood.—|M. Polanyi and E. Schmid; 
ZS. f. Phys., 32, pp. 684-712; 1925]. 


Kari K. Darrow 
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NEW TYPES OF AIRCRAFT INSTRUMENTS* 
By FRANKLIN L. Hunt 


The instruments and investigations described in this paper’ represent 
ihe cooperative effort of the Bureau of Standards aeronautic instrument 
staff while under the author’s direction. The staff included K. H. Beij, 
W. G. Brombacher, C. T. Buckingham, L. E. A. Chagnon, F. Cordero, 
H. N. Eaton, W. W. Frymoyer, H. B. Henrickson, L. A. Hoffman, 
M. Keiss, W. Kirby, G. H. Keulegan, W. A. MacNair, A. H. Mears, 
D. L. Parkhurst, J. B. Peterson, C. L. Seward, D. H. Strother, R. C. 
Sylvander, J. A. C. Warner. Credit is due to those mentioned not only 
for carrying out the experimental work, but also for the contribution 





Fic. 1. Aeronautic Instruments Recently Developed by the Bureau of Standards. 
A, Angle of incidence recorder; B, Water speed meter; C, Propeller air speed meter; D, Rate-of 
climb indicator; E, Altimeter compensated for air temperature; F, Combined statoscope and 
rate-of-climb indicator ;G, H, Rate-of-climb recorders; I, Electric thermometer ; J, Ground speed 
indicator ; K, Kymograph. 


of many of the fundamental ideas and principles embodied in the 
instruments. The author particularly wishes to acknowledge his in- 
debtedness to Mr. H. N. Eaton, now Chief of the Aeronautic Instru- 
ments Section. 

Many of these instruments were developed with the cooperation and 
financial assistance of the Army Air Service, the Bureau of Aeronautics 

* Published by permission of the Director of the Bureau of Standards of the U. S. Depart- 
ment of Commerce. 

1 A description of various types of aircraft instruments which have been extensively used 
in service was given in a previous paper. See Aeronautic Instruments by Franklin L. Hunt, 
J.0.S.A. & R.S.I., 7, p. 444; 1922; also Bureau of Standards Technologic Paper No. 237. 
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of the Navy, and the National Advisory Committee for Aeronautics 
A group of the instruments is shown in Fig. 1. 
ALTITUDE INSTRUMENTS 
Barometers and Altimeters. Aneroid barometers of the type ordinarily 
used in determining the altitude of aircraft show rather large errors 


due to the imperfect elasticity of the thin corrugated metal aneroid 
capsule, which forms the essential working element, and of the spring 


which is used to keep the capsule distended. These errors in ordinary 
altimeters may amount to from 200 to 500 feet upon returning to the 
ground from an ascent of 10,000 feet or more. Experiments have been 
in progress at the Bureau of Standards* for several years with a view 
to eliminating this error and have resulted in the development of 
barometers and altimeters in which the effect has been reduced to 


Fic. 2. Precision altimeter. 


approximately 10 feet. The first model of this type, an altimeter of 
10,000 feet range, is shown in Fig. 2. The essential difference between 
this instrument and those ordinarily used is that the stiffness of the 
spring has been made so great compared to that of the diaphragm that 
the imperfect elasticity of the diaphragm itself introduces a negligible 
error in the readings of the instrument. The spring is of chrome 
vanadium steel carefully heat treated* and so designed that the maxi- 
mum stresses, which are about 30,000 pounds per square inch, are well 
within the elastic limit. A single flat spring S tapered at the ends and 
suspended on supporting stirrups P is used to maintain the diaphragm 
distended. A single diaphragm D of phosphor bronze supported by a 
solid brass back is provided instead of the double diaphragm capsule 
of ordinary altimeters. The diaphragm is also considerably larger than 


2 Initiated under the direction of M. D. Hersey. 
3 Heat treatments by J. R. Freeman, Jr., Metallurgical Division, Bureau of Standards 
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that of service instruments, being about 5 inches in diameter. The 
motion of the diaphragm, which amounts to approximately 1 mm 
for an altitude of 10,000 feet, is transmitted to the pointer by a lever 
system and sector and pinion. 

A second model of this type, a barometer graduated in inches of 
mercury, is shown in Fig. 3. This differs from the preceding instrument 
in that the pointer makes three complete revolutions instead of one, 
thereby making it possible to indicate pressures as low as 6 inches of 


R 





Fic. 3. Precision aneroid barometer. 


mercury with an open scale. The transfer mechanism is also of new 
construction. Thin nichrome strips approximately 0.5 mm wide and 
0.03 mm thick used as belts on aluminum pulleys have been substituted 
for the sector and pinion transfer mechanism ordinarily used. A large 
magnification of the motion of the diaphragm is thus attained. In this 
instrument the linear motion of the end of the pointer is approximately 
900 times that of the diaphragm. 

To avoid confusion in the readings, owing to the fact that the pointer 
makes three revolutions, a scale shifting device is provided which 
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consists of a rotatable sub-dial R whose position is controlled by a cam 
C in the slot of which moves a pin attached to the sub-dial. The can 
is attached to the pointer pinion by an aluminum pulley and nichrome 
strip so that it moves as the pointer advances. When one complet: 
revolution has been made the pin attached to the sub-dial drops in th 
cam slot thereby rotating the dial enough to replace the trst set oi 
figures by the second. This process is repeated on the completion of the 
second revolution. Auxiliary figures appear in the small opening under 
the scale number 30 while the numbers are changing to indicate whether 





Fic. 4. Precision aneroid barometer with spiral scale. 


the second or third revolution is commencing. The spring S of this 
altimeter is of chrome vanadium steel and is similar to the one pre- 
viously described. A single phosphor bronze diaphragm D is also 
provided but in this case it is corrugated. 

A third model is similar to model No. 2 except that a spiral scale of 
three convolutions is used (Fig. 4). Each convolution is painted a 
different color. An auxiliary pointer / is connected to the main pointer 
pinion by an aluminum pulley P and a nichrome strip. This indicates 
on a small auxiliary dial below the center of the main dial which color 
is to be read. 
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The scales of the last two of the above described instruments are 
graduated in inches of mercury so that they can be used in the labora- 
tory as secondary standards instead of mercurial barometers, but they 
could with equal convenience be provided with scales graduated in 
feet or meters and thus serve as altimeters. In this case it would be 
necessary to redesign the indicating mechanism so as to provide a 
rotatable scale to adjust for changes of ground atmospheric pressure. 

A different type of altimeter (Fig. 5) designed for use in landing air- 
ships and for flying at low altitudes has a helical spring in combination 
with a sylphon diaphragm as the pressure element. This is similar to 
the helical spring—sylphon elements used in the precision barographs 
described below, the essential difference being that the spring in this 
case is outside of the evacuated space of the sylphon. For compactness 








Fic. 5. Landing altimeter. 


of construction the sylphon is provided with a re-entrant end which 
partially encloses the spring. The range of this instrument is limited 
to 2000 feet so as to give an open scale at low altitudes. A stop is pro- 
vided to prevent the spring from distending the diaphragm beyond 
this point. 

Temperature Compensated Altimeter. The readings of an aneroid 
altimeter are subject to two kinds of temperature errors, (1) those due 
to the effect of temperature on the instrument itself, and (2) those 
due to the effect of the temperature of the air in changing the atmos- 
pheric pressure corresponding to a given altitude. Most altimeters are 
corrected for the effects of expansion and contraction of the parts by 
neutralizing the effect by the differential expansion of combinations of 
the different metals which make up the indicating system—frequently 
by the use of bimetallic bars. 











232 FRANKLIN L. Hunt [J.O.S.A. & R.S.L., 12 


An instrument has been constructed (see Fig. 6) which also correct: 
for the effect of air temperature on the altitude indications so that 
whatever the temperature of the air, the instrument will indicat 
correctly the altitude within approximately 100 feet up to 30,000 feet. 
This is accomplished by attaching to one of the pinions of the indicating 
system a U-shaped bimetallic bar B, Fig. 6, which is connected by a 
nichrome strip V to the diaphragm spring. The expansion or contrac- 
tion of this bimetallic bar changes the lever arm of the indicating 








Fic. 6. Precision altimeter corrected for air temperature. 


system J and thereby causes the pointer P to advance or recede for a 
given pressure, according to the temperature, the amount required to 
make the instrument indicate correctly. With the exception of the 
temperature compensating element and the provision for a rotatable 
scale the altimeter is similar to the barometers previously described. 
The pointer makes one revolution and the scale is adjustable to correct 
for changes of ground atmospheric pressure. 
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Precision Barograph. A barograph with new features is shown in 
Fig. 7. The operating element is a large sylphon bellows-like diaphragm 
D which is exhausted to approximately 1 mm pressure and is maintained 
distended by a helical carbon-steel spring within the sylphon. The 
diaphragm is 5 inches in diameter and deflects approximately 1/4 inch 
at a pressure corresponding to an altitude of 45,000 feet which is the 
maximum range of the instrument. By the use of this large sylphon 
diaphragm the force available for operating the recording mechanism 
is much greater than that in an ordinary barograph. This minimizes 
the errors due to friction. The procedure of making the spring so stiff 
compared with that of the diaphragm that the relatively poor elastic 
qualities of the latter are negligible has also been applied in the design 
of this instrument as in that of the barometers and altimeters previously 








Fic. 7. Precision barogra ph. 


described. The recording mechanism is also unusual. The pen is held 
by a rider R which is guided between two vertical rods GG’. The rider 
is connected to the aluminum pulley P of the multiplying mechanism 
by a nichrome strip S. Another nichrome strip S’ attached to the 
diaphragm operates the pulley system. A multiplication ratio of about 
25 is thus obtained. A third nichrome strip S’’ attached to the lower 
end of the rider passes over the pulley P’ which in turn is connected 
to the long helical spring H. In this way the rider and the nichrome 
strips of the entire indicating system are maintained in tension so that 
the rider will follow the motions of the diaphragm. By the use of this 
recorder the barograph is made much more compact than would be 
possible with a pen and pointer of the ordinary type. It also has the 
advantage that a rectilinear motion is obtained on the chart instead of 
an arc of a circle as with the ordinary pointer. When the instrument 











234 FRANKLIN L. Hunt [J.O.S.A. & R.S.I1., 12 


is assembled the diaphragm is inside the recording drum shown at the 
left of the figure. The drum is operated by the clockwork at the base 
of the instrument. The entire instrument is protected by the case 
shown at the right of the figure. 

Temperature Compensated Barograph. This instrument incorporates 
the principles of the temperature-compensated altimeter previously 
described, the essential differences being that it is recording instead of 
indicating and that a separate bimetallic thermal element attached to 
the frame alters the displacement of the recording pen in accordance 
with the changes of air temperature. 

Tem perature Compensated Thermobarograph. This instrument is like 
the temperature compensated barograph in that it gives a record of the 
altitude corrected for air temperature. In addition it gives a continuous 





Fic. 8. Staloscope with sylphon diaphragm. 


record of the temperature on the same chart. Both are obtained by the 
action of a liquid expansion thermal element which consists of a spring 
controlled sylphon diaphragm filled with ethy! chloride. 

Statosco pe. Statoscopes are used on aircraft to indicate small changes 
of altitude and to help maintain horizontal flight. Such instruments of 
the breaking-bubble type are somewhat sluggish and irregular in action, 
owing to the lack of uniformity with which the bubble, which equalizes 
the pressure between the confined volume of air and the external 
atmosphere, breaks. The bubble tube also occasionally requires cleaning 


and refilling. A more positive and reliable method of equalizing the 
pressure has been developed in the statoscope shown in Fig. 8. In this 
instrument an electrically-operated valve has been substituted for the 
breaking bubble and a sensitive sylphon diaphragm S is used instead 
of the single diaphragm of the ordinary instrument. When the dia- 
phragm expands or contracts under the action of the differential 
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pressure due to the aircraft's rising or falling, electrical contact is made 
at C which operates the relay X. This in turn opens a valve at the base 
of the sylphon and thereby equalizes the pressure. The motion of the 
sylphon diaphragm is transmitted to the pointer through a multiplying 
mechanism / which consists of thin nichrome strips and aluminum 
pulleys similar to those used in the altimeters already described. The 
raultiplying ratio is approximately 250. The deflection of the pointer 
from the zero point indicates rise or fall, the amount of the deflection 
being a measure of the change in altitude. When the pressure equalizes 
the pointer returns to zero. With this instrument differences of altitude 





Fic. 9. Electric air speed indicator. Robinson cup type. 


of approximately 5 feet can be detected. The instrument is heat 
insulated with a cork lining H to prevent false indications due to 
changes of temperature. 


SPEED INSTRUMENTS 


Electric Air-S peed Indicator. Air-speed indicators of the Pitot and 
Venturi type are sometimes used for measuring the low landing speeds 
of lighter-than-air craft but the pressures to be measured are very 
small which require a delicate indicating mechanism and moreover 
they involve a density correction which is troublesome where high 
altitudes are attained. The air-speed indicators shown in Figs. 9 and 10 
which are in effect rotating anemometers overcome these difficulties. 
These instruments indicate air-speeds of from 10 to 100 miles per hour 
and have been shown by test to give the true air-speed within 2% or 
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3% at all altitudes up to 30,000 feet. With instruments of the rotating 


anemometer type practically no energy can be taken from the rotating 
element to operate the indicator; otherwise the true air-speed is not 
shown owing to the slipping of the propeller. This condition has beet 
fulfilled in these instruments by attaching to the anemometer spindk 
a commutator against which light brushes press. The function of this 
commutator is alternately to charge a condenser and discharge it 
through a galvanometer at a rate depending on the rate of revolution 
of the anemometer. thereby causing the pointer of the indicator to 








Fic. 10. Electric air speed indicator propeller type. 


deflect in proportion to the air-speed. A diagram of the electrical 
connections is shown in Fig. 11. The battery B is the 12-volt storage 
battery which is now standard equipment on most airplanes. C is a 
condenser which is charged by the battery B and discharged through 
the galvanometers A;, Az and A; by the action of the commutator W. 


P is a potentiometer to adjust for changes in voltage of the battery B. 
When this adjustment is to be made the switches S are thrown so that 
the resistance R& is in series with the indicator A,;. The potentiometer 
is then adjusted until the pointer of A, coincides with a fixed point on 
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the scale. The condenser has a capacity of 5 to 10 microfarads. The 
indicators are milliammeters. The cup anemometers are approximately 
4 inches in diameter and the propeller has a 4 inch blade. The rate of 
revolution in both forms is about 2,000 per minute at a speed of 100 
miles per hour. 

This type of air-speed indicator has the added advantage that the 
indicating element can be separated at any desired distance from the 
anemometer itself. Several indicators connected in series can also be 
used in different parts of the aircraft. These points are particularly 
advantageous in airships where large distances are involved. 






































Fic. 11. Electric air speed indicator. Propeller type. 


A modification of this instrument known as a suspended head air- 
speed indicator particularly adapted for airships has been constructed 
in which the anemometer element is mounted in a stream-lined case 
made of brass. This is suspended approximately fifty feet beneath the 
airship by a flexible cable containing three conducting wires which 
connect the propeller element to the indicator in the airship. The 
flexible cable is wound on a drum in the airship cabin so that the 
suspended head may be raised or lowered. The indicator and electrical 
circuits are like those in the instrument previously described. 

Ground-S peed Indicators. A simple type of ground-speed indicator 
designed primarily for use on free balloons but applicable also to other 
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aircraft is shown in Fig. 12. An arm L with a sighting wire W an 
sights S and S, is rotatable about the point S. This arm is set according 








Fic. 12. Ground specd indicator for free balloon. 


to the altitude by the scales along the bar B, one of which is for altitudes 
from 500 to 10,000 feet and the other from 5000 to 30,000 feet. A third 
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sighting point S, is also provided and bubble levels B and B,. The frame 
shown in Fig. 12 at the right is used to attach the instrument to the 
basket of the balloon. The universal joint U’ makes it possible to 
adjust the instrument so that the sighting wire is parallel to the direc- 
tion of drift. When adjustment has been made for altitude the time 
required for an object seen ahead along the sighting wire to pass under 
the sight S, is noted with a stop watch. The scales on the bar B have 
been laid off so that the timé of transit is the same for a given ground- 
speed at all altitudes. By means of the tables 7 shown in Fig. 12 the 
ground-speed corresponding to the time noted can be read directly. 





Fic. 13. Ground speed indicator. Optical synchronizing type. 


A more complicated type of ground-speed indicator which has the 
important advantage of being direct reading is shown in Fig. 13. This 
instrument depends upon neutralizing by means of a suitable optical 
system the apparent motion of the ground as seen through a telescope 
mounted on the aircraft. This neutralization is effected by introducing 
in the optical path of the telescope a hexagonal prism P, Fig. 14, which 
is rotated about an axis at right angles to the direction of motion with 
reference to the ground. A diagram of the optical system is shown in 
Fig. 14. A six-power telescope is used. The rate of revolution of the 
prism required to neutralize the apparent motion of objects on the 
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ground is proportional to the ground-speed and inversely proportional 
to the altitude. In order that the instrument may be direct reading it is 
therefore necessary to provide an altitude adjustment as well as a speed 
adjustment. A diagram of the mechanism of the instrument is shown 
in Fig. 14. The prism P is rotated by the constant speed motor M 
through the intermediary action of a system of gears and the idler / 
which makes friction contact between the disks D; and D.. By means of 
the handle H the position of the idler between the two disks may be 
changed and the rate of revolution of the prism thereby varied. The 
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Fic. 14. Details of ground speed indicator. Optical synchronizing type. 


friction brake F, Fig. 13, is used for fine speed adjustment. On the 
other side of the disk D., Fig. 14, a second idler rests which is also 
adjustable radially with reference to the disk by means of a rack and 
pinion. This idler is connected through a system of gears to the indi- 


cator G which is a chronometric tachometer. The position of this 
second idler against the disk is varied according to the altitude and is 
set definitely by the altitude scale on the graduated head JN, Fig. 13. 
The rate of revolution of the prism varies from approximately 0.3 
revolution per minute for speeds of 30 miles per hour at 20,000 feet 
to 20 revolutions per minute at speeds of 200 miles per hour at 2,000 
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feet. The ground-speed indicator is mounted in gimbals and is rotatable 
about a vertical axis so that it can be set for drift. A scale R for reading 
the angle of drift is also provided. 

In an improved model of this instrument a 4-speed gear shift has 
been substituted for the idler between the motor and the prism since 
it was found that the wear of the friction drive was excessive. 

Rate-of-Climb Indicator. Rate-of-climb indicators depending upon 
liquid manometers to indicate the pressure difference, which is used as 
a measure of the rate of climb, are not entirely reliable because the liquid 
is easily displaced by accelerations of the aircraft or by air bubbles and 





Fic. 15. Rate-of climb indicator. Multiple metallic capsule type. 


it may also become contaminated. Experiments have been in progress 
for several years‘ with a view to substituting for the liquid column a 
pointer-indicating mechanism. The first model of this type built by the 
Bureau of Standards is shown in Fig. 15. The three corrugated metallic 
capsules C of phosphor-bronze about 3 inches in diameter constitute 
the air chamber and are connected to the external air through a fine 
capillary tube JT shown at the left of the figure. The motion of the cap- 
sule due to the expansion or contraction of the confined air as the 
instrument rises or falls is conveyed to the pointer through a lever L 
attached to the top of the diaphragms which is connected to the pulley 
P by a fine phosphor-bronze strip. A second phosphor-bronze strip 
attached to the pulley is connected to the spindle of the pointer J. 


‘ Initiated under the direction of M. D. Hersey. 
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The case of the instrument is lagged with cork for heat insulation to 
prevent the confined volume of air from expanding or contracting on 
account of temperature changes. 

An improved model is shown in Fig. 16. This differs from the pre- 
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Fic. 16. Rate-of-climb indicator. 


ceding instrument in that a larger volume of air is provided (500 cu. 
cm instead of 50 cu. cm) thereby increasing the sensitivity of the instru- 
ment. The air is contained in a flat cylindrical chamber C approximate- 
ly 6 inches in diameter and 1} inchesdeep. The top of this chamber 
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ccnsists of a flexible corrugated diaphragm D. The chamber is con- 
nected to the external air through a capillary tube. The expansion and 
contraction of the corrugated diaphragm is used to indicate the rate of 
climb or descent. The motion of this diaphragm is conveyed to the poin- 
ter by means of a system of phosphor-bronze strips and aluminum 
pulleys similar to those in the instrument previously described. The 
principal pulley P is shown in Fig. 16. The comparatively large force 
available in this instrument owing to the greater area of the diaphragm 
makes possible a larger multiplying ratio. The scale unit is 100 feet per 
minute and the instrument indicates rates of ascent and descent up to 
3,000 feet per minute. It is also heat insulated with cork lagging. 





Fic. 17. Rate-of-climb recorder. 


Rate-of-Climb Recorders. The instrument shown in Fig. 17 is a rate- 
of-climb recorder.® It gives a continuous record on a photographic film 
of the rate-of-climb and descent. The air confined within the sylphon 
diaphragm S is the actuating medium. This diaphragm is connected 
to the external air by a capillary tube. The motion of the diaphragm 
is transmitted to a small mirror M which is rotated about its axis. 
Light from a small incandescent lamp / with a line filament is reflected 
through a system of enclosed prisms and the lens O and falls upon the 
mirror M from which it is reflected through a narrow slit L onto the 
drum D. This is rotated by clockwork and has a period of approx- 
imately one hour. On the surface of the drum is fastened a piece of 


5 For a more complete discussion see Mears and Strother: Optical Rate-of-Climb Record- 
ers— Their Uses, Theory and Description, J.0.S.A. & R.S.1., 8, p. 787; 1924. 
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sensitized photographic paper or photographic film. The instrument 
is about 6 inches square, 8 inches long and weighs about 7 lbs. 

An improved model of this instrument is shown in Fig. 18. The 
essential difference from the one previously described is that the film 
is rolled on bobbins at B instead of being mounted upon a drum. Th 
bobbins are operated by clockwork C. In this way a longer record 
(approximately 3 hours) can be made. A desiccator D dries the air 
and prevents condensation of moisture on the mirror and prisms. The 
instrument is enclosed in an aluminum case and is of somewhat smaller 
dimensions than the previous instrument. 

Combined Statoscope and Rate-of-Climb Indicator. An instrument 
which may be used both as a statoscope and a rate-of-climb indicator 
is shown in Fig. 19. This consists of a rate-of-climb indicator similar to 
that shown in Fig. 16, and has in addition a statoscope element of the 


D 





Fic. 18. Rate-of-climb recorder. Improved model. 


breaking bubble type shown at B, Fig. 19. A valve controlled by a 
thumb screw 7 at the side of the instrument enables the observer to 
connect either a capillary tube or the liquid bubble element to the air 
chamber at will. In the former case the instrument is a rate-of-climb 
indicator; in the latter case a statoscope. When the instrument is used 
as a statoscope the pointer deflects to the right or left, according as the 
aircraft is rising or falling, until the bubble breaks. Then the pointer 
snaps back to zero as the pressure equalizes. A sub-dial marked with 
the legends “rate-of-climb indicator” and “‘statoscope”’ is provided. 
This sub-dial is connected to the thumb screw 7 and is rotated by it. 


When the instrument is set for use as a rate-of-climb indicator the 
legend “‘rate-of-climb” appears in the open space L at the head of the 
dial. When set for use as a statoscope similarly the word “‘statoscope”’ 
appears. The breaking bubble can also be seen through a slot S in the 
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dial. The scale unit for rate-of-climb is 100 feet per minute and for the 


statoscope approximately 10 feet of ascent or descent. 


A, 
~, 10~ 





Fic. 19. Combined statoscope and rate-of-climb indicator. Corrugated diaphragm type. 
ORIENTATION INSTRUMENTS 
Compasses. The compass shown in Fig. 20 differs from most aircraft 
compasses in that it is practically aperiodic. This is brought about by 
the damping action of the wires W which connect the card to the jewel 
housing. The card is very light, weighing about 2} grams. When de- 
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flected 45° it requires 12} seconds to come to rest but in so doing swings 
past the zero only once. The liquid used is redistilled kerosene. At the 
top is an air chamber C to allow for expansion of the liquid. The 
compensating magnets are inclosed in the cylindrical tube 7 below 
the compass. The bowl is spherical. The upper half which is of glass 
makes it possible to read the instrument with ease from widely different 
positions. The scale unit is 2°. 





Fic. 20. Airplane compa 


A new type of earth inductor compass’ for airplanes (shown in 
Fig. 21) differs from previous compasses of this type in the following 
particulars: 

1. It employs a null method for its indications, and hence possesses 
the advantage of sensitivity characteristic of null methods as a class. 

2. An iron core is used in the earth inductor to reduce the size of the 
instrument. 

3. A method of distant electrical control is used, enabling the earth 
inductor itself to be located as remotely as necessary to avoid disturb- 
ances from magnetic material. 

4. Rolling and pitching errors are eliminated. 

The instrument is preferably located in the fuselage of the airplane, 
and is driven by an anemometer A, projecting through the upper 
surface of the fuselage. Gimbal rings B permit the shaft of the armature 


5 Developed by P. R. Heyl and L. J. Briggs of the Mechanics and Sound Division of the 
Bureau of Standards. For a more detailed description see Proc. Am. Phil. Soc., 61, p. 15; 1922 
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C’ to assume a vertical position. The bearings of these rings are friction- 
ally damped, and the armature weighted as shown. By this means a 
remarkably good rolling and pitching compensation is obtained. The 


connection to the driving cup is made by a short piece of flexible shaft S. 





Fic. 21. 


Earth ind"ctor compass. 


The armature is cross-shaped with long thin cores to reduce as far as 
possible the self-demagnetizing effect. The cores are of 34% silicon- 
steel, with a length 20 times their diameter. The winding is of the usual 
closed-coil pattern. 
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Two sets of brushes 90° apart take off current from a four-section 
commutator. By balancing these two currents against each other the 
null effect above mentioned is obtained. This is effected by means of 
the dial switchboard D. A square resistance frame R is provided, and 
the two currents from the commutator are applied at the four corners 
of the square. Two wiping contacts operated by the dial draw current 
from the square frame and are connected to the galvanometer. A posi- 
tion of the dial can always be found in which this current is zero, and 
there is a one-to-one correspondence between this neutral position of 
the dial and the angle of orientation of the aircraft. A square resistance 
frame is used to avoid a non-uniformly graduated dial which would 
result from a circular frame. 





Fic. 22. Electric turn indicator. 


Electric Turn Indicator. The electric turn indicator shown in Fig. 22 
consists essentially of a gyroscopic rotor which is the external armature 
R of a 12-volt D.C. 4-pole motor. This revolves at the rate of 6,000 
revolutions per minute about an axis athwart the airplane. The gyro 
element weighs about 1 pound. The precession of the rotor is resisted 
by a spring S the tension of which can be changed to vary the sensitive- 
ness of the instrument. When the aircraft turns the pointer is deflected 
to the right or left and a radium painted sector displaces one or the 
other of the dark sectors V according to the direction of turn. The 
instrument can be adjusted to detect a rate of turn such that it would 
require the airplane a half hour to traverse a complete circle. 

















Mar., 1926] AIRCRAFT INSTRUMENTS 249 


Inclinometer. An inclinometer’ which consists of a small hollow glass 
ball B containing luminous material which rolls in a glass tube T filled 
with alcohol is shown in Fig. 23. This operates on the same principle 
as a liquid bubble banking indicator but deflects in the opposite direc- 
tion. It has the advantage of being visible at night. 


ENGINE INSTRUMENTS 


Centrifugal Tachometer. Centrifugal tachometers are subject to 
errors resulting from the lack of static and dynamic balance of the 
moving parts and also from lag; that is, the difference between readings 
taken with increasing and decreasing speed. The instrument shown 
in Fig. 24 was designed to minimize these errors. It consists essentially 





Fic. 23. Inclinometer with radium illuminated ball. 


of 4 weights, W,, W., Ws; and W,, connected in pairs to the arms A, 
and A». By centrifugal force these arms are thrown out from the axis 
of rotation XY, this motion being resisted by the springs S; and S:. The 
weights W,. and W, slide in a frame F which is attached to the spindle 
P, which in turn is connected to the indicating mechanism. As the 
weights W. and W, are thrown outward by the centrifugal force the 
frame together with the weights is forced axially to the left. This 
motion is conveyed to the pointer by the use of a phosphor bronze 
strip and pulley mechanism 7. The symmetrical positions of the 
weights W,, W.2, W; and W, eliminate almost entirely the tilting errors 
found in ordinary tachometers. The mechanical lag is reduced to a 
minimum by provision in the frame of knife edges at the contact 
surfaces. 

Electric Tachometer. 1n airships and large multiple engine airplanes 
where the engines are located at long distances from the navigating 
cabin the mechanical connection of tachometers to the engine by means 


? Initiated under the direction of M. D. Hersey. Experimental work by M. H. Stillman. 
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of flexible shafts is difficult or at times impracticable because of the 
length and weight of the shafts required. To overcome this difficulty 
the electric tachometer shown in Fig. 25 was devised. A commutator 
C similar to the one described previously under Electric Air-Speed 
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hic. 24. Centrifugal tachometer. 


Indicator is used in connection with a condenser and galvanometer 
as there indicated to determine the rate of revolution of the engine 
shaft. The electrical connections are practically identical with those 
used in the air-speed indicator. The galvanometer is graduated in 
revolutions per minute. The current is supplied by the 12-volt storage 
battery which forms part of the regular equipment of the airplane, or, 
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if this is not available, a compact primary battery such as is used for 
the plate circuit of electron tubes may be substituted. A rheostat R is 
provided to adjust for changes of the battery voltage. The principal 
sources of error in this arrangement are the fluctuations of the voltage 
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Fic. 25. Electric tachometer. 


of the exciting battery and the changes of capacity of the condensers 
with changes of temperature, but these are not larger than other errors 
of other types of tachometers. 
NAVIGATION INSTRUMENTS 
Sextant. Aircraft sextants differ from marine sextants principally in 
the use of an artificial horizon and in compactness of construction. 
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The sextant shown in Fig. 26 incorporates both of these features. The 
optical system is similar to that of the R.A.E. British sextant shown in 
Fig. 27. The image of the universal liquid level bubble B illuminated by 
the incandescent lamp L is reflected by a prism P and lens system 
through the half silvered mirror M to the eye of the observer. Light 
from the sun or the star which is being observed is also reflected in the 
same manner to the observer's eye. When the sun is observed the eye 
is placed at E, in which case the sunlight is reflected from the mirror 
and the bubble is seen directly. When a star is observed the eye is 
placed at E, so that the light of the star passes through the mirror 
directly while that from the bubble is seen by reflection on the mirror 





Fic. 26. Aircraft sextant. 


M. This is to allow for the relative intensities of the light from the 
bubble and the other source. In the instrument shown in Fig. 26 an 
adjustment which corrects for the effect of temperature on the size of 
the bubble is provided. Connected to the bubble receptacle is a chamber 
C filled with the bubble liquid. One side of this chamber is a flexible 
diaphragm which can be deflected by a thumb screw S thereby increas- 
ing or decreasing the effective volume of the bubble chamber and hence 
controlling the size of the bubble. A small graduated circle rotated 
by a worm gear and a micrometer head G are substituted for the large 
graduated circle of an ordinary sextant. The scales are illuminated by 
a small incandescent lamp L. The battery which operates the lamps 
is in the handle H. 
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SPECIAL INSTRUMENTS AND ACCESSORIES 

Ballonet Volume Indicator. Several methods of measuring the volume 
of air in the ballonets of non-rigid and semi-rigid airships have been 
suggested. Among these may be mentioned the mechanical type in 
which a cord attached to the top of the ballonet on the inside is wound 
and unwound from a drum outside; the liquid column type in which 
a tube filled with liquid is suspended from the top of the ballonet on 
the inside and the hydrostatic pressure developed used as a measure 
of the distention; gas meter and anemometer types in which the amount 
of air which has flowed into or out from the ballonets is actually 
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Fic. 27. R. A. E. bubble sextant. 


measured, and electrical methods depending upon changes of in- 
ductance, capacity and resistance. Another procedure is to measure 
the changes of hydrostatic pressure of the air in the ballonet. In 
practice this may be effected by measuring the difference in the pressure 
of the air at the bottom of the ballonet and that of the hydrogen at 
the bottom of the balloon, which in effect amounts to determining the 
difference in the weight of a vertical column of air extending from the 
bottom to the top of the ballonet and that of a corresponding column 
of hydrogen in the balloon. This difference of pressure can be measured 
by a sensitive manometer, which information, together with the 
dimensions of the ballonet, provides the necessary data for indicating 
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the amount of air which the ballonet contains at a given instant. 
Actually the indicator has to be located at a considerable distance 
below the bottom of the balloon but allowance can be made for the 
effect of this added height on the differential pressure. The principle 
is illustrated by the diagram in Fig. 28. 
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Fic. 28. Ballonet volume indicator. Principle of operation, 








The difference of pressure may be expressed by the formula 
P=(H+h)(po—po' )( BT o/ BoT 
where P is the differential pressure, 4 the height of the air column in 
the ballonet; H the distance of the indicator below the ballonet; po the 





Fic. 29. Ballonet volume indicator. 


average density of the air in the ballonet and p»’ the average density of 
the hydrogen in the gas bag; B the pressure in the gas bag in millimeters 
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of mercury and 7 the absolute temperature. The subscript indicates 
standard conditions of temperature and pressure. For low altitudes and 
temperatures which do not deviate appreciably from standard this 
formula becomes P = (/1+/)(po—po’). Since the pressures which have 
to be measured are relatively small, amounting ordinarily to less than 
one inch of water, a sensitive indicator is required. 

An instrument based on this principle has been constructed which 
consists of two pressure chambers separated by a thin colon leather 
diaphragm D (Fig. 29). One chamber C is connected to the ballonet 
and the other, the case, H, to the gas bag by rubber tubing. The de- 








Fic. 30. Electric thermometer. 


flection of the diaphragm under the changes of differential pressure 
caused by the inflation or deflation of the ballonet is used to indicate 
the amount of air in the ballonet. The motion of the diaphragm is 
resisted by a thin flat spring S which is the essential elastic element of 
the indicator. 

Electric Thermometer. The temperature of the gas in lighter-than-air 
craft and of the surrounding atmosphere is determined by some form 
of distant reading thermometer. The instrument shown in Fig. 30 
and diagrammatically in Fig. 31 depends for its indications upon the 
change of resistance of a coil of fine nickel wire V of about 80 ohms 
resistance which is placed at the point where the temperature is to be 
measured. The resistance element is connected by wires W to the 
indicator J, which is an ohmmeter. This is located on the instrument 
board. By multiplying the number of resistance elements and circuits 
the temperature at any desired number of points may be determined 
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successively. In the instrument shown two such circuits are provided, 

one to indicate the temperature of the gas in the balloon and the other 

that of the external atmosphere. An auxiliary circuit to test the adjust- 

ment of the instrument is also incorporated. This consists of a nickel 
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Fic. 31. Diagram of electric thermometer. 


resistance coil located in the instrument case which can be thrown 
into circuit in place of the external resistance elements by pressing the 
button marked test. The temperature of the case is then indicated. 
In this thermometer temperatures from —40°C to +90°C can be 
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measured to within 2°. The details of the electrical connections are 
shown in Fig. 31. Pressing any one of the three buttons closes a double 
circuit, one through the directing coil of the ohmmeter and the other 
through the resistance element and indicating coil of the ohmmeter. 

Pressure Alarm. The pressure of the gas in airships cannot become 
greater than 3 inches of water without risk of rupturing the gas con- 
tainers. For safety a device is required to indicate automatically when 





Fic. 32. Pressure alarm for airship gas cells. 


the pressure exceeds this limit. Such an instrument is shown in Fig. 32. 
It is in effect a large push button approximately 18 inches in diameter 
which is fastened to a girder under the outside of one of the gas cells. 
The springs S are depressed by the walls of the cell as the gas pressure 
increases until an electrical circuit is closed through a contact made 
inside the flexible chamber C which lights an electric lamp Z and rings 
a buzzer B in the navigating cabin indicating that the pressure is 
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excessive. To avoid the possibility of the spark at the contact point 
igniting the gas in the bags, contact is made in carbon tetrachloride in 
the flexible sylphon diaphragm chamber C. A second sylphon dia- 
phragm RX also filled with carbon tetrachloride and connected to the 
first is provided to serve as an expansion chamber for the carbon 
tetrachloride when the first chamber contracts to make contact. The 
pressure at which the alarm operates may be regulated by an adjusting 
screw in the base of the instrument, which determines the point at 
which the circuit is closed. 

Fabric Tension Meter. The instrument® shown in Figs. 33 and 34 
is used to determine the tension in the fabric of the outer covering of 
airships after this fabric has been stretched on the aircraft itself. The 
instrument consists of a flat aluminum bell B with a hollow elliptical 





Fic. 33. Fabric tension meter for airships. 


rim R (Fig. 34). The rim is perforated with a large number of small 
holes in the under side. When the instrument is pressed against the 
fabric wall and a strong suction is applied to the hollow rim the fabric 
becomes firmly clamped against the rim and slipping is prevented. 
A suction amounting to approximately 20 inches of mercury is employed 
which is applied through the valve S and is measured by the gage V. 
The suction required to deflect, by a known amount, the center portion 
of the fabric confined within the bell is then determined. This is applied 
to the inside of the bell and is measured by the gage G. In amount it is 
at most not more than 20 inches of water. The deflection indicator D 
consists of a delicate arm with ball point which rests against the fabric. 
The deflection is shown on a dial through the intermediary of a system 
of nichrome strips and aluminum pulleys. From the measurements 


8 Suggested by L. B. Tuckerman, Bureau of Standards. 
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of the load required to produce a given deflection together with the 
dimensions of the elliptical section the stresses in the fabric can be 
determined. By taking a series of four measurements at the desired 
point of the fabric with the major axis of the ellipse rotated successively 
by 45° each time, the direction of the maximum and minimum stresses 
can be found. 

Angle of Incidence Recorder. Permanent records of the angles of 
incidence of an airplane during flight are made by the instrument? 
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Fic. 34. Fabric tension meter for airships. 


shown in Fig. 35. It consists of a double surfaced air vane V which 
operates a series of electrical contacts at C each one of which is in 
circuit with a miniature electric lamp in the frame L at the top of the 
recording apparatus. The lamp lighted at a given moment is deter- 
mined by the contact at the air vane which in turn depends upon the 
angle of incidence. The record is made in the form of a series of parallel 
lines on a moving photographic film mounted on the drum D which is 
rotated by clockwork. Each line corresponds to approximately 1° of 
change of incidence. The lamps are lighted by a small dry battery B. 


® Developed in cooperation with E. W. Rounds, U.S. N. 
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The air vane is located on one of the struts of the airplane and is 
connected to the recorder, which is in the cockpit, by a multiple wir¢ 
conductor. 

A ymograph. In studying the behavior of airplanes in flight a record 
of their oscillations is sometimes required. For this purpose a fixed 
point of reference is necessary. One method is to allow light from the 
sun to pass through a small aperture in a light tight box and fall on a 
photographic film. As the airplane oscillates the position of the spot 





Fic. 35. Angle of incidence recorder. 


of light on the film changes and if the film is in uniform motion a con- 
tinuous record of the oscillations of the aircraft about a horizontal axis 
is obtained. An instrument! for this purpose is shown in Fig. 36. Light 
from the sun passes through a narrow slit S at the front of the instru- 
ment behind which is a cylindrical lens to bring the light to a sharp 
focus on a second slit S’ at right angles to the first and directly in front 
of the film F. In this manner a sharply focused point of light is thrown 
on the film. The instrument is directed toward the sun by an obser- 


Developed in « ooperation with FE. W. Rounds, U.S. N. 
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Fic. 36. Kymograph. 





Fic. 37. Water speed meter. 
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ver who keeps a spot of light, which passes through the pin hole P, in a 
small box mounted upon the top of the instrument, on a ground glass at 
the forward end of the hood H. Rectangular cross lines are engraved on 
this ground glass and as the spot of light oscillates on the ground glass 
in response to the motion of the airplane the mean position of the spot 
is maintained at the intersection of the cross lines. A small auxiliary 
electric lamp L illuminated by a dry battery is provided to be connected 
to a chronograph circuit or other timing device to mark the film at 
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Fic. 38. Details of water speed meter. 


periodic intervals. Motion picture film is used. It is wound by the 
electric motor from one spool to the other. Sufficient film is provided 
for two hours use. 

Water-S peed Meter. The instrument shown in Fig. 37 and in cross 
section in Fig. 38 is designed to determine the take-off and landing 
speeds of seaplanes. It consists of a small propeller connected to a 
commutator C enclosed in a stream line water tight casing H of monel 
metal. The instrument is mounted in gimbals in a monel metal stirrup 
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which is fastened beneath the seaplane so as to project into the water. 
At the trailing end of the stream-lined body is a fin F to maintain the 
instrument in the direction of motion. The propeller rotates at the 
rate of approximately 25 revolutions per second at a speed of 60 miles 
per hour. Wires from the commutator pass out through the gimbal 
supports and along the edge of the stirrup S and are connected to a 
chronograph in the cockpit of the airplane. The commutator interrupts 


Z 





Fic. 39. Dummy observer. 


the circuit once per revolution thereby making a record on the chrono- 
graph strip. The instrument is made of monel metal to prevent corro- 
sion by seawater. 

Dummy Observer. In airplane performance tests records of the 
altitude, air-speed, engine speed, temperature and pressure gage read- 
ings are taken at frequent intervals. This is ordinarily done by an 
observer. For small aircraft or where a permanent simultaneous record 
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of these factors is desired the apparatus" shown in Fig. 39 may be used 
It consists of a group of standard airplane instruments J mounted com 
pactly at one end of a box about 14 inches square and 18 inches long 
These are illuminated by a group of incandescent lamps L and photo 
graphed by a modified Mark I gun camera C mounted at the other 
end of the box. The camera mechanism has been modified to make 
automatically from two to ten exposures per minute on unperforated 


motion picture film. To prevent excessive heating the lamps are 





Fic. 40. Standard instrument testing set. 


automatically lighted only when the exposure is being made by the 
action of a relay in circuit with the camera shutter. The camera is 
operated by a spring motor. A thermometer and clock are included 
among the instruments photographed. The latter gives a record of 
the exact interval between exposures which is useful in studying the 
history of the flight. White dials with black graduations are used to 
obtain greater contrast and to avoid reflections from the cover glasses 
these have been removed from all the instruments except the air-speed 
indicator, where it is necessary to maintain the air pressure in the case 


1 Initiated under the direction of M. D. Hersey. 
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This device has the advantage that the records can all be made simul- 
taneously and at shorter intervals than would be possible by an 
observer. An improved type of this instrument has been made by 
the Engineering Division of the Army Air Service. 

Standard Field Testing Set. 1t is often desirable to check the calibra- 
tion of aircraft instruments at aviation fields where laboratory testing 
equipment is not available. For this purpose the set of calibrated test 
instruments shown in Fig. 40 was made. It consists of standard instru- 
ments, which have been carefully calibrated in the laboratory, arranged 
compactly in a carrying case. The calibration curves for each instru- 
ment are carried in the pocket in the cover of the case. The test set 
is used by comparing directly the standard instrument and the one to 
be tested. The calibrations of the standard instruments should be 
checked at frequent intervals in the laboratory. 

RESEARCH PROBLEMS 

The previous sections of this paper have considered the practical 
development of new types of aircraft instruments. The Aeronautic 
Instruments Section of the Bureau of Standards has also been engaged 
on a number of problems relating to the fundamental physical principles 
of instrument design. Among these the following may be mentioned: 

Diaphragm Investigation. Aeronautic instruments involving the use 
of metallic diaphragms are subject to errors due to the imperfect 
elasticity of the material of which the diaphragm is made. This is 
evidenced by the failure of the pointer of the instrument to return to 
zero after the application of pressure owing to the metal of the dia- 
phragm failing to return to its initial position after distention. An 
investigation of the theoretical principles” involved and an experi- 
mental study of the elastic properties of various metals, and of doped 
fabrics and leathers suitable for non-metallic diaphragms, has provided 
data which will be useful in the selection of materials suitable for 
diaphragm construction. 

These experiments have included a study by interferometer methods 
of the elastic properties of metallic strips under tension and of the 
behavior of both flat and corrugated metallic diaphragms, and sylphon 
diaphragms;'* also a study of the elastic properties and porosity of 

® National Advisory Committee for Aeronautics, Report No. 165, Diaphragm Investiga- 
tion— General Introduction by M. D. Hersey 

8 Sylphon Diaphragms—A Method for Predicting their Performance for Purposes of 


Instrument Design, Technical Note No. 90, National Advisory Committee for Aeronautics, 
May, 1922, by H. N. Eaton and G.H Keulcgan. 
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non-metallic diaphragm materials and of the effect of temperature and 
humidity on their behavior. 

This investigation leads to the conclusion that monel metal, German 
silver, nickel, and duralumin exhibit better elastic properties from the 
point of view of diaphragm material than bronze or brass. Hysteresis, 
that is, the difference in deflection with increasing and decreasing 
pressures; and after-effect, that is, the residual displacement of the 
material after the application of constant pressure have also been 
studied. The results show that flat metallic diaphragms exhibit approx 
imately ten times the hysteresis of corrugated diaphragms for the same 
deflection. Both hysteresis and after-effect are proportional to the 
maximum load of the cycle. In the study of non-metallic diaphragms 
a number of rubberized fabrics, gold beater’s skin, vegetable and 
chrome tanned and other thin colon leathers have been investigated." 
Changes in humidity appear to be the main cause of the rather erratic 
behavior of these materials. To reduce this effect and also the porosity 
various types of airplane dopes, oils, cements and varnishes and com- 
binations of these have been tried. The most satisfactory material 
thus far found is alum tanned colon leather. Imported rubberized 
fabric used in the Toussaint-Lepére air-speed recorder is also very 
satisfactory. 

Bourdon Tube Investigation. The elastic properties of Bourdon tubes 
have also been investigated. The only material thus far used is phosphor 
bronze. The results indicate that the hysteresis and after-effect are of 
the same order of magnitude as are found when the same material is 
used in the form of corrugated diaphragms. In connection with this 
investigation the theory of the bending of thin walled tubes as applied 
to Bourdon tubes has been studied. 

Bimetallic Bars. Bimetallic bars are used in aircraft instruments as 
temperature measuring elements and also for temperature compensa- 
tion to correct for the effect of expansion or contraction of parts on the 
instrument readings. These bars ordinarily consist of a strip of brass 
and steel or other combination of two metals with different coefficients 
of expansion which are soldered or welded together at their common 
surface of contact. With changes of temperature the combination is 
distorted owing to the difference in expansion of the two metals. The 
theory underlying this differential expansion has been investigated! 


“ Eaton and Buckingham: Non-metallic Diaphragms for Instruments. Nat. Adv. Com 
Tech. Report No. 206, 1925. 
5 By M. D. Hersey, G. H. Keulegan, and J. B. Peterson, independently. 
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on the basis of the laws of elasticity and minimum work and a formula 
has been developed for computing the behavior of such bimetallic bars 
in terms of their dimensions, moduli of elasticity and the coefficients of 
expansion of their component parts. The results have been confirmed 
experimentally and will soon be available by publication. 

Ink Substitutes for Recording Instruments. The ink used in recording 
instruments coagulates at the low temperatures encountered in high 
altitude flights. The possibility of using other means of obtaining 
records in aircraft instruments has therefore been considered. 

Records can be made by a f.ne stylus on smoked surfaces but the 
records are easily effaced unless coated with paraffin or varnished with 
shellac. Paraffin coated carbon paper may also be used with a fine 
jewel point recorder but greater pressure is required than with smoked 
surfaces and consequently slight errors in the readings are introduced. 
Zinc oxide coated paper such as is used for engine indicator diagrams 
may be used with a rather blunt brass recording point but the pressure 
required is greater than is permissible in most aeronautic instruments. 

Perforated records can be made either by using an auxiliary clock- 
work mechanism to bring the pointer forcibly in contact with the 
record at brief intervals or the record paper may be perforated by 
causing an electric spark to jump from the recording point to the 
supporting drum. The disadvantage of this method is that the record 
is discontinuous and in the case of the electrical spark the perforation 
does not always take place directly underneath the point owing to the 
spark jumping sideways to the place of least resistance. This method 
has the advantage of eliminating the friction which is always present 
where the pointer makes contact with the record. 

Record paper impregnated with starch and potassium-iodide may 
be used for records. By passing an electric current from the pointer to 
the record paper the potassium-iodide is decomposed and leaves a 
purple record. The color however is inclined to spread which makes the 
record broad. 

Records on photographic films can be made either by attaching a 
miniature electric lamp to the end of the pointer or by reflecting light 
from a mirror attached to the indicating mechanism onto the film. 
Another method, suggested by the author, is to use a small amount of 
radio-active material located at the end of the pointer behind a metallic 
screen perforated by a pin-hole. This latter method has the advantage 
of simplicity and reliability. The disadvantage of the use of photo- 
graphic film is the necessity of having dark room facilities for develop- 
ing the records and its extreme sensitiveness to extraneous light. 
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A method of photographing the dials of ordinary indicating instru 
ments with a magazine or motion picture camera has been discusse:! 
previously in this paper under Dummy Observer. 

Barometric Altitude Determination. The altitude of aircraft is ordinar 
ily determined by measurements of the atmospheric pressure and 
temperature. From these data the altitude may be computed by th 
equation 

h =62900 [1+(¢,, —10) /283] log Po/P 
where / is the altitude in feet, Py the ground level atmospheric pressure 
P the atmospheric pressure at the point whose altitude is to be deter 
mined and /,, the mean temperature in degrees centigrade of the 
vertical column of air between the two levels. A study of the effect o/ 
errors in the different quantities involved in this expression on the 
altitude calculated and also of the effect of other factors such as 
humidity, variations in the acceleration of gravity and atmospheric 
circulation which introduce small though detectable effects has been 
made.” Methods of computing the altitude on the basis of the above 
mentioned formula have been outlined and illustrated by sample 
computations. Tables of data relating to upper air conditions, aircraft 
performance standards, and altimeter calibration standards in the 
United States and other countries have been prepared. 

Altitude Effect on Atr-S peed Indicators. It is ordinarily assumed that 
the correction for the readings of differential pressure type air-speed 
indicators can be computed by assuming the velocities proportional to 
the square root of quotient of the pressure by the air density. It has 
been shown that the compressibility of the air is negligible over the 
range of air speed ordinarily attained. Quite recently, however, it has 
been found that the viscosity of the air introduces errors in the readings 
of Pitot and Venturi indicators at low speeds and at high altitudes which 
are by no means negligible.'?_ A quantitative study of this effect has 
recently been made'* for a number of air-speed pressure nozzles in 
common use and the corrections have been computed for the Zahm 
Pitot-Venturi nozzle of both the U. S. Army and U. S. Navy types. 
These data show that for velocities of 10 miles per hour or less this 
error may amount to as much as 20° of the indicated air-speed. The 


© W. G. Brombacher, The Determination of Altitude, J.0.S.A. & R.S.L., 7, p. 719; 1923. 

17 M.D. Hersey, F. L. Hunt and H. N. Eaton, Altitude Effect on Air-Speed Indicators. 
National Advisory Committee for Aeronautics, Report No. 110, 1921. 

‘SH. N. Eaton and W. A. MacNair, The Altitude Effect on Air-speed Indicators, II. 
National Advisory Committee for Aeronautics, Report No. 156, 1922. 
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results also show that a Pitot nozzle is practically as effective as a 
double Venturi nozzle for the lowest air-speed attained by airships 
since at a speed of 5 miles per hour the viscosity effect is so large as to 
make the double Venturi only about twice as effective as a Pitot tube, 
while for ordinary aircraft speeds the differential pressure developed 
is 13 times as great. The results also show that the effect of the com- 
oressibility of the air on the performance of the Venturi nozzles is not 
appreciably greater than the corresponding effect on Pitot nozzles and 
is negligible for ordinary aircraft speeds. 
BUREAU OF STANDARDS, 
WASHINGTON, D. C. 


Crucial experiments on X-ray Scattering.—According to A. H. 
Compton’s theory of X-ray scattering, some if not all scattering occurs 
as if radiation of frequency v consisted of particles of energy jy and 
momentum /v/c which suffer elastic collisions with electrons. If this 
is so the rebounding quantum goes off in a direction perfectly deter- 
minate if the direction of recoil of the electron is known; and any effect 
of the scattered ray (in practice, the expulsion of a ‘‘secondary”’ electron 
from another atom) takes place (a) practically simultaneously with the 
recoiling of the first electron and (b) in the direction prescribed. Bothe 
and Geiger set out to find whether the expulsions of secondary electrons 
were always coincident in time with the recoilings of primary electrons; 
Compton and Simon whether they always occurred in the right direc- 
tion. The former used point-discharge ion-counters to detect both 
primary and secondary electrons, so that their problem reduced to 
finding whether the two ion counters responded simultaneously; the 
latter used the Wilson expansion chamber and photographed the 
tracks. It is clear enough that both methods were troublesome but 
that of Bothe and Geiger by far the worse; chiefly because the ion- 
counter is still unsatisfactory as to certainty and quickness of response. 
Both pairs of investigators were bothered by great numbers of secon- 
dary electrons which did not occur at the right times or places to be 
explicable by Compton’s theory, and which they attribute to intruding 
rays, except that Compton says that in most cases there are several 
recoil electrons (?) of which not more than one can be associated with 
the secondary electron. Thus the question reduces to this: is the 
proportion of secondary electrons, emitted in times and places such 
as Compton’s theory would require, much too great to be safely 
regarded as mere coincidence? The answer appears to be “yes.”’ 
(A. H. Compton and A. W. Simon, Chicago; Phys. Rev.,(2) 26, pp. 289- 
299; 1925. W. Bothe and H. Geiger, Reichsanstalt; ZS. f. Phys., 32, 
pp. 639-663; 1925]. 

Kart K. Darrow 





270 NOTES 


Election of Officers.—The undersigned appointed as tellers for 
the election of officers of the Optical Society of America report as 
follows: 

159 ballots were cast making 80 votes necessary for a majority. The 
count of votes for President, Vice-President, and Secretary showed: 
Office Candidate Votes 
President W. E. Forsythe 93 
E. C. Crittenden 62 
Vice President I. G. Priest 92 
L. A. Jones 63 
Secretary C. C. Bidwell 147 
W. E. Forsythe, I. G. Priest, and C. C. Bidwell therefore each received 
the majority necessary to elect. 

In the Hare Ballot for Members of Executive Council 22 ballots 
were invalid because no order of choice was indicated, leaving 137 valid 
ballots with a Hare quota of 28. Three more ballots became invalid 
during the count, too few choices being given to make the ballots 
effective. The four members were elected in order as given: 

K. T. Compton 
C. E. K. Mees 
P. G. Nutting 
C. W. Keuffel 

The details of the count are given below: 

Trans. of Trans. of Trans. of Trans. of 
1 \Compton’s; 2 Littleton’s 3 Sieg’s Rayton’s 
Surplus Votes Votes Votes 


0 
0 
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RESPECTFULLY SUBMITTED 
(S1cNED) L. B. TuCKERMAN 
K.S. Gipson 
FreD E. WRIGHT 
Tellers 





